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Abstract 
Swiflet bird's nest, traditionally used as food tonic, is found to contain EGF-like 
substance, mucin with high content of sialic acid, and co-mitogenic activity on the hPBL 
culture. The present study involves the purification and characterization of the active 
component responsible for the co-mitogenic activity. Various chromatographic technique 
have been employed but failed to purify a homogeneous preparation. However, the active 
substance is probably no the EGF-like substance and the use of sialic acid specific lectin 
affinity column, LPA, as well as the biochemical analysis of the sialic acid containing mucin 
is of no use on the co-mitogenic experiment. The electxophoretic and biochemical analysis 
�� 
suggest the presence of proteoglycan in the active fraction. The enzymatic modification 
、 
seems to support this view, too. Together with the heparin (one type of GAG) can partially 
suppress the effect of SN and G A G itself also elicits certain extent of co-mitogenicity, this 
imply the activity might positively correlated with the GAG/proteoglycan component in the 
water extract of SN or the activity substance, e.g.,cytokines or growth factors are co-isolated 
with the GAG/proteoglycan component of SN water extract. Animal experiment has also 
performed to demonstrate the retainment of synergistic response of SN on Con-A stimulated 
blastogenesis even the SN is adminstrated orally. 
CHAPTER 1 
INTRODUCTION 
1.1 Natural History of the Bird and the Nest 
The edible bird's nest is made from the saliva of the sea swiftlets, with or 
without additive materials like feather, sea weed or plant parts. The sea swiftlets, 
although looking like a swallow for a layman, actually belong to the family of swifts 
-Apodidae, whereas the swallows belong to another family of the Passeriformes. 
The Chinese vernacular name Yin-Wo, literally the swallow's nest, is a misnomer 
reflecting total ignorance of the natural history of the swifts and swiftlets which never 
广， 
perch like the swallows. A swiftlet cannot take off from land or water. It must cling 
、 
on a building's wall, rock face or cave wall so tall that its free fall gives it the 
momentum to become aix-bome. Hence, a swiftlet would not be able to pick up any 
building material while standing still. It has to rely on its own saliva and any flying 
materials that it may encounter in the air for building its nest. The nest ranges from 
white nest which is pure saliva from the sea swiftlets rCollocalia faciphaga), to black 
nest which is feather and humin cemented by saliva from the cave swiftlets 
rCollocalia maxima), and to grass and tree leaves loosely stick together by gelatinous 
streaks of saliva as in Apus affinis surfarcatus, the Malay house swift (Kong et al.， 
1989). These different kinds of nest fetch a different price in the trade. But as far 
as chemical composition and biological activity of the saliva are concerned, they are 
all the same (Kong et al., 1989). 
The swiftlets producing edible nests are resident birds, most abundantly located 
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in Java, Indonesia. But nests available in the Hong Kong markets can come from 
regions as far as the southern tip of India and spreading across Southern Burma, 
Malay Peninsula to Northern Borneo. Historical records show that Fujian coast in 
China also produced edible nests; as late as the fifties, edible nests of good quality 
could still be found off east coast of Hainan Island. The Vietnamese coast produces 
nests of superior quality; it becomes the hall-mark of good nests displayed on shop 
windows in town (Kong and Kwan, 1985). It is strange to say that before there is any 
scientific method of quality grading, these expensive edible bird's nests are entirely 
graded according to their appearance - white, intact, solid and good swelling property. 
Perhaps the last point, which reveals the secret of nest chemistry as water retention, 
is related to the composition and electric charge of the proteoglycans in the saliva. 
> 
The white nests are produced by Collocalia fuciphage (Thunbey) which are 
seaside birds. They fly most of the day and are particularly active at dark and dawn 
when they hawk for tiny insects. It may be opportune to remark here that being on 
the top of the insect food-chain pyramid, any chemical pollutants accumulated in 
insects, or plants ravaged by the insects, will eventually end up in these birds and the 
saliva with which they make their nests. 
A closely related species, Collocalia vestita (Lesson) also produces white nests. 
With this species, the first nest it builds during the breeding season is thick and tinged 
with red. If for some reason this nest is removed, e.g., harvested by man, the second 
nest will be thinner, whiter and more meshy, and is thus of much better quality 
commercially. The myth surrounding the red nests is no more or no less than the 
situation of brown eggs versus white eggs (just two different shell colors). Today, the 
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nest tradt boasts of the rare quality of blood (red) nests which are in fact white nests 
impregn^ed with iron oxide. This artifact strongly reminds one of the exaggerated 
potency pf the "red" ginseng, which is actually an artificial product of the natural 
white ginseng. Historical records also show that red nests were cheaper than whole 
nests (K()ng and Kwan, 1985). Experimental works reported in this thesis are based 
on intact whole nests of Indonesian origin, or black nests from Borneo, but never 
"red" nests or commercially processed nest products (vide infra). 
By far the largest amount of edible nests traded in Hong Kong are the black 
nests produced by Collocalia maxima, which are cave dwellers. Having landed in the 
honey-comb face of lime-stone caverns, these birds have time and space to craw 
around. They are thus able to plug their own feathers or to gather dirts from the cave 
、 
surface with which they build their nest. In addition to the presence of a variable 
amount of non-salivary materials, these nests are often wet and infested with insect 
debris when they are first imported by the dealer。This ungainliness by appearance 
prevents it from being sold as such. Hence, there are several ateliers in town that are 
specialize in processing these black nests. In essence, the nests are allowed to swell 
maximally and the debris are then removed by extensive rinsing, with the insoluble 
part of the saliva in. forms of a hard gel being left� This is oven-dried and molded •> -
into balls, cups or sheets etc., very often adulterated with look-alike materials. Unless 
specified, most nest soups or nest-based menu served in restaurants use these processed 
products. They are as good as any food for hedonic pleasure, but they neither fit the 
traditional claims of benefits nor suit the purpose of laboratory investigation, as the 
latter use only water-soluble extracts of the original nests according to literature and 
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results presented in this thesis. 
A close congener, of limited trade quantity and commercial quality, refers to 
the nest of Apus affinis subfurcatus. Commonly, known as the Malay house swiftlet, 
a colony could be found in the huge lime-stone cave in Huai-yu ) prefecture, 
Kwangtung province. This cave lies on the edge of Karstian terrain coming down 
from Yunan and Kwangsi provinces towards Kwangtung. The Apus, unlike the 
Collocalia. are migratory birds. Each year during late spring, these birds gather in 
large numbers to nest and breed in this particular cave, probably because it is the 
largest in the region. Their nests are made of lancelot bamboo leaves and Casuarina 
needle-shaped leaves, loosely glued together by dirty yellow gelatinous flakes secreted 
from the bird. After removing the debris, a water extract of the gelatinous materials 
、 
yielded the same bioactive material as from the conventional or black nests, according 
to chromatographic behaviors and cell culture bioassay (Ng et al., 1986; Kong, 1989). 
The message one gathers from this study strongly points to the fact that there might 
be a scientific reason for the use of the edible bird's nest, in spite of its varied origin 
(different species), appearance (commercial grading) and commercial value (perceived 
qualities). This could be found in the composition of the saliva in which a certain 
component underlies the beneficial medicinal properties one expects and sometimes 
actually benefits from the consumption of the nests. If this working hypothesis holds 
true, then this salivary product may not be unique to the sea swiftlets or even birds 
in general. Further elaborating on this, bioactive salivary product would be the 
ultimate aim in bird's nest studies. This could also be the final issue for the salivation 
of the birds and the demystification of a traditional belief which is not entirely untrue. 
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Scientific studies on the nest were scanty and far apart. It was first mentioned 
in literature as a convenient source of sialic acid derivative to serve as the substrate 
for myxovinis neuraminidase (Howe et al., 1961). A warm water extract of the intact 
nest, accounting for less than half of the solid weight of the starting material, 
contained 50% carbohydrate, one third (13%) of which was sialic acid and a protein 
component which was trypsin resistant. This crude preparation resisted further 
purification and was loosely referred to as Collocalia mucoid. N-acetylneuraminic acid 
was readily and maximally released after mild (thiobarbituric) acid hydrolysis, 
indicating a terminal position. This was confirmed by results of viral neuraminidase 
digestion. Of the total carbohydrate recovered after strong acid hydrolysis, 68% were 
、 
amino sugars, in which galactosamine accounted for 48%. Since the amino sugar 
nitrogen accounted for only one quarter of the total nitrogen, the mucoid contained an 
important protein moiety (Howe et al., 1961). Although it was not clearly pointed out 
at the time of study, today, it seems fairly indicative that the mucoid contained both 
glycoprotein (terminal sialic acid) and proteoglycan (galactosamine and 
txypsin-resistant protein core). 
It took 9 years- before the Collocalia mucoid received further attention for 
scientific study. Following the steps of Howe et al. (1961), the carbohydrate and 
amino acid of the mucoid were analyzed in greater detail and better precision. In this 
study, successive extractions of the nest yielded a second extract with the highest sialic 
acid content. This preparation (homogeneity inferred by cellulose acetate 
electrophoresis at 3 pH values and gel filtration) was used in the analysis, and was 
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referred to as a glycoprotein. It contained 9% sialic acid, 7.2% galactosamine, 5.3% 
glucosamine, 16.8% glucose and 0.7% fucose. The sialic acid was probably 
N-acetyl-4-O-acetylneuraminic acid. The most abundant amino acids were serine, 
threonine, aspartic acid, glutamic acid, proline and valine. Further studies showed that 
20% by weight of this second extract was divalent metal ions, confirmed by the 
quantitative determination of calcium. This strongly suggested that the glycoprotein 
was polyanionic and the divalent cations they carried were in fact non-dialyzable. 
Such negative charges might come possibly from terminal sialic acids. But since 
serine was the most abundant amino acid, the authors remarked that there were more 
than adequate sites for glycosylation in this glycoprotein (Kathan and Weeks, 1969). 
What was not known at that time was that the mucoid might also contain proteoglycans 
、 
carrying negatively charged uronic acid and/or sulphate groups. 
CoUocalia glycoprotein received further scrutiny in a better state of purity by 
Hondret et al. (1975). Fully aware of the two early works mentioned above, the 
authors had achieved further purification by preparative liquid film electrophoresis, 
A major glycoprotein fraction, apparently homogeneous in agarose gel electrophoresis 
at pH 8.2 and by preparative ultracentrifugation with a of 3.0. Contained both 
more amino acids and carbohydrates (including sialic acid) than the Kathan's 
preparation, this was the result of concentrating the protein-rich component from the 
crude mucoid by electrophoresis. This glycoprotein fraction contained neither 
sulphate residues nor fucose. The sialic acid content could be completely released by 
Clostridium perfringens or Diplococcus pneumoniae neuraminidases, and was 
identified as simply N-acetyl-neuraminic acid instead of the diacetylneuraminic acid as 
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claimed by Kathan and Weeks (1969). Based on the predominance of serine and 
threonine residues in the protein moiety and its susceptibility to alkaline hydrolysis, 
it was concluded that this glycoprotein belonged to the same category of mucin as that 
in the submaxillary gland secretion of the sheep, cattle and pig (Hondret et al., 1975). 
This study provided unequivocal evidence that mucin-type glycoprotein was an inherent 
component of the water-soluble extract from the nest; whether mucin can give the 
mechanical strength of the nest is another question. 
The presence of N- and 0-linked carbohydrate side chains in the sialo-mucin 
was studied in detail by Hanisch and Uhlenbruck (1984). They found that more than 
35% by weight of the sialo-mucin was carbohydrate, of these, more than half was 
广， 
0-linked to the protein. The core structure of the oligosaccharides, ranging from 1 
to 6 units, was represented by the disaccharide Gal (/31-->3) GalNAc. Besides being 
an excellent chemical study, the authors opined that glycocongugates formed an integral 
component of the cell membrane. Defined carbohydrates of the mucin-type might thus 
be useful to study cell-cell interaction mediated by membrane-bound lectins. The -
authors also reported that asialoglycoprotein could bind virus and bacterial lectins. 
They went on to suggest that the CoUocalia mucin represented a natural source of 
carbohydrate-rich material for the preparation of oligosaccharides of biological 
significance. By virtue of these projections, the biological activity of the nest 
material was for the first time raised on the agenda of nest research. 
Further studies on carbohydrate chemistry of the nest showed that a new sialic 
acid derived compound, 4,S-anhydro-N-acetylneuraminic acid, could be obtained by 
direct acid hydrolysis of the crude nest (Pozsgay et al., 1987). This observation 
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supported early findings that in the Collocalia glycoprotein, at least a portion of 
N-acetylneuraminic acid is acetylated at HO-4 � —杨 、 ‘ � ) . O n the contrary, 
direct reductive alkaline hydrolysis of the crude nest yielded some neutral and 
numerous monosialyl and disialyl oligosaccharides. These were fractionated and 
purified. Consequently, from the monosialyl oligo-saccharides, the primary structures 
of five novel oligosacchaxide-alditols were determined (Wieruszeski et al., 1987). 
Terminal N-acetyl and N-glycosyl-neuraminic acid residues in Collocalia mucin was 
the substrate of periodate oxidation which gave rise to exclusively the formation of the 
C-7 analogues of these sialic acids, and to a lesser extent, the C-8 analogues. This 
modification served as an important tool to establish the presence of sialic acids in 
广-
、 biological materials (Renter et al., 1989). 
There were no reports or biological study of the nest in literature until Ng et 
al. (1984) reported that a water-soluble extract of the nest could significantly potentiate 
Concanavalin A. (Con A)-stimulated blastogenesis of human peripheral blood 
lymphocytes. Although this bioactive preparation did not lend itself readily to 
purification, results of periodate oxidation indicated that the biological activity was 
residing in the carbohydrate component, as trypsin digestion could not totally eliminate 
activity. From the same source of material, EGF-like activity was observed. This 
activity could be enriched 400- fold in a low yield and was suppressed by anti-mouse 
EGF antibody (Kong et al., 1987). Finally, both activities were found in the water-
soluble extract from the gelatinous nest materials of a different species, Apus affin 
surfarcatus (Kong et al., 1989). While chromatographic profiles of the biological 
activity were the same whether it concerned the nest of Collocalia spp. or Apus 
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spp.. the Con A potentiation activity was not the same as the EGF-like activity. 
Indeed the former showed a weak mitogenic activity per se in lymphocytes but it 
could not stimulate or potentiate proliferation of fibroblast cultures in the absence or 
presence of mouse EGF. At this moment, it is not clear if Collocalia mucin, which 
was certainly present in the total aqueous extract, contained EGF-like domains as in 
other extracellular matrix (ECM) proteins like laminin, (Engel, 1989)，or the mucin 
served as an extracellular matrix that could bind EGF co-released by the salivary 
gland, thus providing a localized concentration of growth factors. Extracellular matrix 
of a tumor basement membrane was shown to bind interferon-r. Since the binding 
was inhibited by heparan sulphate, it was postulated that proteoglycan molecules in 
the matrix could play a regulatory role in cell differentiation by storing cytokines in 
•V 
the matrix (Lortat-Jacob, 1991). 
1.2 What is More Important in Saliva: Mucin or Proteoglycan? 
The salivary gland is an exocrine epithelial gland derived from the foremost 
section of the digestive tract. Salivary glands can be mucous or serous type, or 
mixed. While serous secretion serves to wet the food, as achalasia (lack of saliva) 
renders swallowing difficult, it is the mucous type secretion that binds the food 
together in a bolus. Digestion begins in the mouth as the saliva contains enzymes like 
a-amylase. With the discovery of epidermal growth factor (EGF) and nerve growth 
factor (NGF) (Carpenter and Cohen, 1979), the saliva became recognized as an 
endocrine gland secreting growth-promoting hormones, although how these growth 
factors axe secreted into circulation (according to the classic concept of endocrine 
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secretion) is not yet adequately explained today. Indeed the saliva contains other tissue 
hormones like bradykinin and substance P - first known as a sialogogue before it was 
recognized as a gastro-intestinal hormone of wide-spectrum action and the 
neurotr^smitter of nociceptive neurons. The mucous type salivary gland secrets 
mucin, a large molecular weight glycoprotein that gives the rheological properties of 
saliva. In fact, all epithelial linings secret certain extent of mucin-type glycoprotein. 
Because of the gel structure and the visco-elastic properties of mucin-rich secretions, 
it was first considered to serve the mechanical purpose of lubrication, as well as 
physical barrier between the luminal content and the epithelium. While lack of 
lubrication can cause abrasion and difficult passage, break down of this physical 
barrier can lead to more harmful results as in peptic ulcer. In this case, the lack of 
a mucus layer on the stomach wall will expose the latter to the strongly acidic content 
that ends up with frank ulceration and perforation. Recent advances in analytic 
methods in carbohydrate chemistry and biotechnology make it possible to understand 
that mucin may contribute more to cell economy and well-being by the organism than 
the mere purpose of lubrication. For example, hypersecretion of gall bladder muciii 
may promote cholesterol gall stone formation by accelerating cholesterol monohydrate 
crystal nucleation in super-saturated bile. Thus one way to prevent gall stone 
formation is to inhibit gall bladder mucin secretion with aspirin in experimental 
animals (Afdhal et al.，1990). Another example concerns the polymorphic epithelial 
mucin present on all the surface of human mammary cells which is developmentally 
regulated but aberrantly expressed in breast cancer and other carcinomas. The tumor-
associated aberrant form has shorter carbohydrate side chains, thus exposing the 
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peptide epitopes of the protein core or the cancer cell mucin which would have been 
masked in the fully glycosylated normal mucin molecule. Hence antibodies reactive 
with the mucin may be used as diagnostic tools or even therapeutic agents in cancer 
treatment (Gendler, 1990). These two examples alone fully illustrate the clinical 
importance of mucin as a dynamic expression of physiological well-being. This calls 
for, first of all, an intensive investigation into the structure and composition of 
mucin-type glycoproteins. 
Glycoproteins are the product of post-translational glycosylation on protein 
molecules. Glycoproteins are important bioactive molecules because glycosylation adds 
one more dimension to the biological activity of the protein. Glycosylation of proteins 
could be considered as an universal phenomenon since glycoproteins are widely 、 • . . 
distributed in animals, plants, microorganism and viruses. The glycans contribute to 
biological activity by one or more of these functions: 
1) protect the protein from uncanny proteolytic attack thus prolonging its 
biological life; 
2) induce and stabilize a certain active conformation - many glycoproteins 
loose their activity after shedding even a terminal sialic acid (e.g., asialo-LH or FSH); 
3) promotes recognition and association with virus lectins and other cell 
surface determinants; 
4) stimulates cellular uptake by internalization 
5) fosters intercellular recognition and adhesion, an important event in cell 
differentiation and tissue development. Consequently, change in cell surface antigens 
11 
could lead to cancer induction and metastatic differentiation. 
As glycoproteins are glycoconjugates, a basic approach in classifying 
glycoproteins will be the categorization of glycosidic linkages and the structure and 
composition of the carbohydrate side chain (Gottschalk, A., 1972; Fransson, 1987; 
Sharon, 1975; Ruoslahti, 1988). There are two main classes of glycoprotein, the 
N-glycoproteins have their carbohydrate side chain covalently bonded uniquely through 
N-Acetyl-glucosaminyl-asparagine (GLcNAcOSl--〉N)Asn). In contrast, the O-
glycoproteins present a wide variety of linkages, the most common ones having the 
folio wings: 
i) Mucin-type: these are alkali-labile linkages between N-Acetyl-galactosamine 
、 and L-serine or L-threonine (GalNAc (a-1,3) Ser or Thr) as in mucin from saliva and 
other epithelial secretions or biological fluids; 
ii) Proteoglycan-type: these are alkali-labile linkages between D-xylose and 
L-serine (Xyl(j81—>3) Ser) involved in the acidic mucopolysaccharide-protein bond of 
proteoglycans, with cartilage chondroitin as the typical example. The negative charges 
come from acidic sulphate groups and uronic acid in the disaccharide repeats of the 
side chain. 
iii) Collagen-type: D-galactose and 5-OH-D-lysine linkage as in collagen. 
iv) Extensive type: L-arabinofuranose and 4-OH-L- proline identified in plant 
glycoproteins. 
In the context of this thesis, the edible bird's nest probably contains the first 
two type of glycoproteins based on a number of chemical characteristics that will be 
elaborated later in the experimental section. 
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Glycan structure in glycoproteins are not randomly constructed. First of all, 
the site of glycosylation is determined by the primary structure of an inner protein 
core. This core region contains the non-specific and invariant glycoconjugates. 
Mucin-type glycoproteins have a basic structure of: 
Gal(/3 l-3)GalNAc(Q� l-3)Ser or Thr 
This leads to branched oligosaccharides with a predominance of mannose. 
Proteoglycan-type glycoproteins have the basic terminal triplet as: 
Gal(jSl-- > 3)Gal(/51- > 4)Xyl(/51-> 3)Ser 
This leads to long linear polymers made up of disaccharide (glycosaminoglycan) 
repeating units as in chondroitin sulphate: ” 
、 [GalNACOS 1" > 4)GluUA(/31-> 3)], - triplet — Ser 
SO3-
In addition to the basic concept of a conservative inner protein core, 
glycoproteins often present a structural heterogeneity which is produced by partial 
substitution of sugar residues on a similar core structure. This micro- heterogeneity 
is also called "peripheral heterogeneity" as it often involves alterations in the most 
externally located sugar residue, very often a sialic acid derivative. Thus the level of 
sialylation could become an important variant of the structure and function of 
sialoglycoproteins. Since the edible bird's nest is a salivary product, and the presence 
of sialic acid in this material had been the subject of numerous studies. The primary 
concern in the biological study of the nest would be addressed to the definition of the 
sialic acid component in the bioactive principle. If sialic acid is indispensable to the 
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expression of the biological activity, the active principle is probably a mucin-type 
molecule. If not, we must consider proteoglycan. 
Proteoglycans are heavily glycosylated glycoproteins found in connective tissues 
such as-cartilage, or embedded in the collagen network of extracellular matrix as 
filling materials. They are also found, to a lesser degree, in various body fluids and 
glandular secretions. As a glycoprotein, it could be differentiated from mucus by the 
nature of its carbohydrate moiety. These are high molecular weight, unbranched 
heteropolymeric molecule with a basic disaccharide unit - the glycosaminoglycans. 
This consists of a hexuronic acid linked to a galactosamine, the latter often carries a 
sulphate-ester. The carboxyl groups and the sulphate groups confer a high charge 
、 density, much more than in mucin, which produces an enormous Donnan osmotic 
effect, and consequently retains a lot of water. The large hydrodynamic volume of 
each polymeric glycoaminoglycan chain is compounded by the fact that they were 
0-linked to a protein through a terminal triplet (gal-gal-xyl) to ser/thr residues in the 
polypeptide in close clusters of up to 100 chains. The protein core, itself of a 
molecular weight at around 100 K, has a terminal globular domain that allows it to 
interact specifically with hyaluronic acid (HA) forming multi-molecular aggregates. 
High affinity binding (K^  lO'^ M) is further stabilized by link protein (LP) in a ternary 
HA-LP-HR binding region that is practically irreversible under physiological 
conditions. However, the rest of the protein core, where it is non-glycosylated, is 
susceptible to proteolytic cleavage. The partially degraded fragments thus form a 
huge complex of heterogeneous proteoglycan aggregates in form of a hard gel with 
superb mechanical properties. The extraction, purification and characterization ‘ of 
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proteoglycans are described in detail by Carney (1986). 
Mucin in strict sense is a heavily glycosylated protein with less than one-fifth 
by weight as a protein core and up to three-quarter by weight of covalently linked 
carbohydrate side chains. Extensive post-translational glycosylation of mucin results 
in molecular heterogeneity with respect to size and polydispersity with respect to 
charge. Furthermore, mucin molecules may aggregate in aqueous solution and 
polymerize via both electrostatic and hydrophobic interactions to form 
supra-macromolecules at the order of 10^  dalton and above. Nevertheless, there are 
certain regularities underlying mucin structure. More than 50% of the carbohydrate 
side chains are 0-linked through N-acetyl-galactosamine to serine and/or threonine. 
These side chains are short oligosaccharides densely packed into clusters. The 
、 
carbohydrate is composed of 5 sugars, viz. fucose, galactose, N-acetyl-glucosamine, 
N-acetyl-galactosamine and sialic acid. The presence of sialic acid, often terminally 
located, constitutes a unique feature of mucin, although sialic acid is also found in 
tissue of the nervous system, hence its homonym neuraminic acid. Because of the 
negative charge of the sialic acid, a mucin molecule attracts monovalent and divalent 
cations through ionic interaction. These ions are osmotically active species and 
together with the hydrophilic nature of the sugar components packed in dense clusters, 
mucin can retain a lot of water. This provides viscosity, and when concentrated 
enough, leads to gel formation through aggregation, thus serving many mechanical 
purposes in tissue architecture (Shankar et al.,1990) 
Less is known about the protein core of mucin molecules and the difference 
in primary structure between mucin from different tissues. What is clear is that the 
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protein core has tandem repeat of about 20 amino acid residues with a predominance 
of serine and threonine interspersed with non-glycosylated "naked" stretches. While 
the glycosylated regions give much of the mechanical properties of mucin, these 
"naked" -regions containing hydrophobic domains could provide biological specificity 
in interacting with other macromolecules, small ligands and cations etc., leading to a 
non-covalent polymeric structure (Kong and Kwan, 1985). Since these exposed regions 
are susceptible to proteolytic attack, and enzymes, which are many in the luminal 
content and extra-cellular matrix partially degraded mucin molecules, add greatly to 
the polymorphism and heterogeneity of mucin-type glycoproteins that permit them to 
serve various physiological functions. 
广， 
While the carbohydrate composition and side-chain primary structure are 
> 
important antigenic determinants in a mucin molecule and their variations are indicative 
of normal or cancer development, the polypeptide backbone plays no less important 
role in evoluting their relationships to transformation and differentiation of human 
tumors (Chan et al., 1990) For example, human pancreatic tumor mucin was isolated, 
purified and deglycosylated with trifluoro-methanesulfonic acid. A rabbit 
monospecific polyclonal antibody was generated against this pancreatic apomucin, and 
it reacted with a Mr > 200,OCX) species. The antibody binding data indicated that the 
rabbit antiserum raised against pancreatic apomucin cross-reacted with a breast mucin 
synthetic peptide. Northem-blot and immunodot-blot analysis of various cell line 
extracts revealed that a tandem repeat sequence and a similar m R N A were detected 
in both pancreatic and breast mucin-producing cell lines. These results suggest that 
pancreatic apomucin and breast apomucin showed some similarities in tandem repeated 
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nucleic acid and protein sequences since the post-translational glycosylation is not 
rigorously regulated (ref 4). Such common tandem repeats may constitute the 
commonly recognized epitopes for cytotoxic-T cell, thus obviating the necessity to 
develop" a specific subgroup of T-ceUs for each type of tumor, if part of their 
pathological manifestion lies in secretion of aberrant mucin molecules. 
Besides playing a passive role subsequent to tumor development, mucin-type 
glycoproteins can regulate cellular growth and differentiation in a more active manner. 
Thus, the milk fat globule protein in human will be contained two types of high-
molecular weight mucin-like glycoprotein. One of these glycoproteins, termed PAS-0 
(Mr > 400,000) with. 50% (w/w) of its carbohydrate moiety O-linked to the protein 
V core, could markedly reduce cell proliferation rate when added to BALB/C 3T3 cell 
culture. This inhibition was concentration dependent and reversible, it might mimic 
the effect of high cell density on growth by inhibiting an ordered proliferation of the 
cells at low density (Shimizu, 1990). From previous studies in this laboratory (Song, 
1988)，the edible bird's nest water extract, no doubt a salivary product containing 
mucin, could significantly inhibit tumor cell growth in several cell lines like Ehrlich 
ascites tumor cells and erythroleukemia cell K562. 
Since one form of mucin exists as a transmembrane protein, it might be an 
important target antigen for immunomodulation via cytokine-involving internalization. 
Moreover, the presence of a cytoplasmic tail of 69 amino acids suggests that the mucin 
may play some role in signal transduction or cellular organization (Kong et al., 1989). 
Because of its multi-molecular aggregate structure and its inherent water 
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retention capacity, proteoglycans are best known as space-filling materials as in 
cartilage. It is true that cartilage is the richest source of proteoglycan and much of 
our knowledge on this distinct molecular entity comes from studies on chondroitin 
sulphate, but this field has grown out of cartilage study in both fundamental research 
and clinical applications. First of all, there are different types of proteoglycans, 
although all conform to the molecular archetype of cartilage proteoglycan. All proteins 
that have one or more glycosaminoglycan chains could be called proteoglycan. In 
these "partial" proteoglycans, where mechanical properties like elasticity or turgescence 
are out of the question, it would be extremely interesting to see whether the biological 
activity is invested in the protein core, or the glycosaminoglycan side .chain. This 
、 presupposes that every proteoglycan molecule has a function. This presumption may 
not be entirely unfounded because glycosaminoglycan chains are costly to make in 
terms of energy expenditure. Then it must be noted that proteoglycans are ubiquitous 
components in the pericellular environment, and it is logical to think that proteoglycans 
are having a vital influence on cell growth, migration and differentiation, whether these 
proteoglycans are residing in the cell membrane, the extracellular matrix, or the 
basement membrane. If a proteoglycan molecule could not be assigned with a putative 
biological function, it is because of the lack of refined biological tests to reveal these 
functions. In this case, the anti-coagulant property of heparin comes in as an 
outstanding example of structure-function relationship in proteoglycan study. Heparin 
is a small proteoglycan with about 10 G A G chains (Mr 70-80 K) attached to a protein 
core containing predominantly Ser and Gly residues. In spite of its relatively small 
size (Mr 〜 9 0 0 K), heparin has a more complex structure than ordinary 
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glycosaminoglycans in that it contains both iduronic and glucuronic acid residues. The 
amino group on the glucosamine may be either sulphated or acetylated and the C-6 
carbon of this residue is generally sulphated. _ In comparison with other 
glycosaminoglycan, heparin is particularly sulphated (up to 3 sulphates per disaccharide 
unit). Although the heparin chains may exist in a diversity of forms, these differences 
are non-random and all heparin chains carry a unique pentasaccharide sequence 
involved in the high affinity binding to the protease inhibitor, anti-thrombin m (Muir, 
1990; Lindahl, XL, 1989). 
Closely related to heparin are the heparan sulphate proteoglycans. It differs 
from heparin in that it is a much larger molecule with G A G chains of 75-450 K and 
a protein core of 20-300 K. It contains a higher proportions of glucuronic acid, less 
0-sulphated and more N-acetylated, Heparan sulphate is overall less sulphated than 
heparin, between 0.4 to 2 sulphate groups per disaccharide. Unlike heparin which is 
widely believed to originate exclusively from mast cells, heparan sulphate has a 
ubiquitous distribution but lack anti-coagulant activity. Heparan sulphate proteoglycans 
can be intercalated into the surface membrane of a great number of cells through a 
hydrophobic sequence (Hook, 1984). Although the function of intercalated heparan 
sulphate proteoglycan are largely unknown, it is suggested that they play an important 
role in cell adhesion by linking between the intracellular and extracellular fibers via 
interacting with actin micro-filaments on the cytoplasmic side of the membrane and 
fibronectin or collagen fibers in the extracellular matrix. There are also cell surface 
binding sites for exogenous heparan sulphate, the binding could be inhibited by 
heparin. The biological significance of the receptor-heparan sulphate interaction is 
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unknown, perhaps it can serve as a channel for signal transduction, or they could 
mediate the endocytosis of exogenous proteoglycans (Carney, 1986). Perhaps heparan 
sulphate is not the immediate target; the receptor may attract a host of heparin-binding 
growth -factors vital to cell economy. This subject has recently been extensively 
reviewed (Burgess and Maciag, 1989). 
The most thoroughly investigated heparan sulphate proteoglycan is called 
’syndecan�from ouse mammary epithelial cells; a small proteoglycan with 3-4 
heparan sulphate and one or two chondroitin sulphate chains linked to a core protein 
of 33 K. Immunocytochemistry showed that it is widely distributed in adult epithelia, 
and is believed to bind epithelial cells to extracellular matrix (ECM) through the 
heparan sulphate chain (Gallagher, 1990). This is a good example where small 
proteoglycans play a more important role in cell adhesion than in space-filling or joint 
surface-coating as in cartilage. Even a growth factor receptor, like that of TGF-jS 
which has an inherent proteoglycan component, can serve the additional function, 
besides receptor expression, of cell adhesion through its heparan sulphate chains 
(Gallagher, 1990). Although the disaccharide repeat of glucosamine and hexuronic 
acid (N-acetyl/sulphated-GlcN(l ,4)HexA) determines the basic structure of heparan 
sulphate, the molecular structure can vary from one cell type to another, or even from 
one proteoglycan to another. The fact is that there are approximately equal 
concentration of N-acetylated and N-sulphated disaccharides that are mainly found in 
separate domains. Since the N-sulphated domains contain the majority of the iduronate 
units and sulphate-ester groups, there is a pronounced asymmetry in distribution of 
charge density and this asymmetry is likely to be of great importance to the biological 
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properties of proteoglycan (Gallagher, 1990). 
The many putative biological functions one may ascribe to proteoglycans such 
as cell proliferation, cell migration, extracellular matrix digestion, cell-matrix 
interaction and tissue growth and regeneration make one think that the 
glycosaminoglycan chain may play a functional role based on its microheterogeneity. 
This can add to the possible variation in primary sequence and structural domains of 
the protein core to make the whole proteoglycan molecule an informative entity. 
These information may be partly or wholly encoded with specific sugar sequence or 
sulphation pattern in glycosaminoglycan structure. With the availability of specific 
bacterial endoeliminase (chondroitinase ABC and chondroitinase AC) and related 
sulphatases (chondro-4-sulphatase and chondro-6-sulphatase), a number of novel 
disaccharides and higher oligosaccharides are discovered. They revealed the presence 
of over-sulphated regions. It is in this unusual variations of the basic disaccharide 
glycosaminoglycan unit that lies the potentially bioactive domains. A concrete example 
comes with the study of atypical structure in Engelbreth-Holm-Swarm (EHS) tumor 
heparan sulphate. Monoclonal antibody raised against mouse EHS-tumor heparan 
sulphate proteoglycan could recognize the sulphation pattern. EHS-tumor heparan 
sulphate (with high antigenic activity)- could be distinguished from normal tissue 
heparan sulphate or heparin (with low antigenic activity) in the abundance of N-
sulphate content and the capacity of 6-0-sulphate groups. The N-sulphated group is 
indispensable for reactivity. While it is too early to say whether these atypical 
structures form the determinant group of a functional domain, they are definitely 
recognizable as a specific feature of heparan sulphate from a tumor origin (Suzuki, 
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1991). 
Evidence for the biological importance of the protein core in smali 
proteoglycans comes from decorin, an interstitial proteoglycan from a bovine source. 
The core protein of decorin has been cloned and sequenced. It contains one side chain 
(dermatan sulphate or chondroitin sulphate) attached close to the N-terminus. Decorin 
binds to collagen I and n and interferes with fibrillogenesis in vitro. This binding 
does not depend on the presence of the glycosaminoglycan side chains, and 
interestingly appears to be directed to different sites on the collagen fibre. By the 
same token, a related and very similar ubiquitous matrix protein, fibromodulin, initially 
isolated from articular cartilage, contains dermatan sulphate attached at site(s) different 
、 from the N-terminal glycosaminoglycan-binding sites of decorin. Fibromodulin also 
binds to collagen I and II and the binding does not depend on the presence of the 
glycosaminoglycan side chains (Heingird, 1990). 
Large aggregating proteoglycans from cartilage fibrous tissue and the intima of 
aorta have large protein cores of Mr -200 K; they have a globular protein domain 
in the N-terminus that has the capacity to specifically interact with hyaluronate. This 
allows for formation of large aggregates containing several monomers as depicted in、 
Fig.x. The remaining part of the protein core in each monomer shows differences in 
the spacing of glycosaminoglycan chains and their distribution to different regions 
along the core protein. The size and character of the side chains also differ according 
to tissue and/or species origin (Heingard, 1990). Thus in spite of their huge 
molecular masses in the order of million, the protein core itself provides sufficient 
flexibility to suit subtle variation for the expression of biological function in different 
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tissues. 
Functional significance of proteoglycans in hemopoietic cells are further 
.extended into other dimension than supportive structural elements. The hemopoietic 
cells are characterized by rapid proliferation and subtle differentiation from their 
progenitor stem cells. The mature cells are released into the blood circulation where 
the extracellular matrix is the serum. Hemopoietic cells carry specialized functions, 
and the expression of these special function require the participation of specially 
designed proteoglycans. In short, proteoglycans play a more important role in the 
functional life of hemopoietic cells than in any other cell types of the body. The 
proteoglycans in hemopoietic cells have been extensively reviewed pColset and 
、 Gallagher, 1990). 
Because of the presence of heparin, proteoglycans in mast cells have been more 
extensively studied than in any other types of hemopoietic cells (Enerback, L., 1989). 
This highly sulphated proteoglycans are stored in metachromatic granules, an 
impressive and characteristical property of mast cells that lend themselves easily to 
cytochemical detection and identification. Although mast cells are present in all organs 
and tissues of the body, it is wrong to think that all mast cells produce heparin. As 
far as rodent mast cells are concerned, only the connective tissue mast cells produce 
heparin. They also secret histamine in large quantities following receptor activation. 
On the contrary, the mucosal mast cells residing in lamino propia of the intestinal 
epithelium and the serosal lining in the peritoneal cavity produce chondroitin sulphate, 
particularly the 4,6-disulphated E type disaccharide. Although human mast cells are 
less readily distinguishable, the mucosal-type mast cell and connective tissue-type mast 
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cells have been identified in intestinal biopsies and skin biopsies, respectively, each 
according to histochemical detection of the respective proteoglycans, whereas the 
human lung mast cells cannot be readily assigned to the mucosal or connective tissue 
categorizes. More central to the issue of mast cell typing is the functions of heparin 
or other proteoglycans in mast cell development and function. Rodent bone marrow 
mast cells become adherent, enriched with histamine and committed to heparin 
synthesis when come into direct contact with fibroblasts. This suggests that the micro-
environment plays an important role in determining the cellular subtype, and the cells 
react accordingly by synthesizing the appropriate type of proteoglycan (heparin) besides 
other functional constituents (e.g. histamine). In this connection, the polyanionic 
properties of heparin will clearly help to maintain electrical neutrality in histamine-rich 
、 
secretory vesicles (Schwartz, 1981). By the same token, basic proteinase like chymase 
and carboxypeptidase could be complexed with heparin, resulting in aggregated storage 
forms of these enzymes and restricted enzyme diffusion, confining the activity of these 
proteinases to the vicinity of the mast cells once they are released. In striking contrast 
to the universal application of heparin as a blood anti-coagulant, little is known about 
the influence of heparin in the regulation of blood coagulation in the body. Heparin 
is not normally found in the blood stream to begin with. One plausible suggestion is 
that heparin from connective tissue-type mast cells may inhibit fibrin formation at 
extravascular sites under inflammatory conditions (Lindahl, U. et al., 1982). 
Alongside these in-depth studies of proteoglycan function in mast cells, 
proteoglycans of different types have been ascribed with various important function in 
other hemopoietic cells. For example, a glycanated invariant chain of the class II 
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antigen presentation complex in B- lymphocytes and macrophage determines their 
special functions. In granulocytes, predominantly neutrophils, chondroitin-4-sulphate 
proteoglycans (Olsson, L, 1967) form complexes and reversibly inactivated a host of 
lysozomal enzymes prior to their release in conjunction with phagocytosis of bacteria. 
The transformation of monocytes into phagocytes is accompanied by the synthesis and 
release of chondroitin sulphate upon adhesion. In this context, it is important to note 
that macrophage proteoglycan-low density lipoprotein complex could be a diagnostic 
feature of early atherosclerotic lesions. Whereas basophilic leukocytes from 
myelogenous leukemia contain exclusively chondroitin sulphate proteoglycan of a 
molecular mass of 150 K, a leukemic cell HL-60 synthesizes A-type chondroitin 
�� 
sulphate but the synthesis declined upon differentiation of the cell. In normal 
'V 
hemopoiesis, proteoglycans from leukocytes and the stromal fibroblasts may play an 
important regulatory role by binding hemopoietic growth factors, possibly to increase 
their local concentrations and render them accessible to para-hemopoietic progenitor 
cells (Koset and Gallagher, 1990). Finally mentioned must be made of the role of 
proteoglycans in lymphocytes which is the principal bioassay model in the context of 
this thesis. First of all, mitogen-stimulated human T-cells produce chondroitin-4-
sulphate proteoglycan which is rapidly secreted into the culture medium rather than 
being stored inside the cell. A possible explanation is that proteoglycans act as 
vehicles to the intracellular transport and release of regulatory molecules acting on B-
cells. Human T-cell culture responded to Con A treatment by an accumulation of 
protease-resistant chondroitin sulphate proteoglycan in the medium. This proteoglycan 
was accumulated maximally between day 6-8 of culture, well after the peak of cell 
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proliferation. While the function of this extracellular proteoglycan remained unknown, 
its specific response to Con A, but not other T-cell mitogens like IL-2 or TGF-/3 
suggested that it can modulate the lectin-induced D N A synthesis for lymphocytes 
maintained in culture (Chopra et al., ). In murine thymic lymphocytes, 
proteoglycan synthesis is significantly increased by IL-1 and IL-2, and the effect is not 
dependent on ceil proliferation. In a metastatic variant of a murine T-lymphoma cell 
line-Eb, increased proteoglycan secretion could modify cell adhesion by promoting the 
activities of autocrine growth factors. In fact, a dominant binding site (70 K, pi=6.5 
protein) for bacterial cell wall peptidoglycan, a macrophage activator and polyclonal 
B-cell mitogen was demonstrated in mouse B- and T-lymphocytes. The binding was 
；、， 
specific for polymeric peptidoglycan, and is presumably responsible for the major signs 
、 
and symptoms of bacterial infection including leukocytosis, macrophage and 
lymphocyte activation (Dziarski, 1991). Given the microheterogeneity of proteoglycan 
even of the same type from the same cellular source, it is conceivable that partial 
degradation during storage prior to release could give rise to 2Ji array of bioactive 
•V 
glycosaminoglycan chain or peptidoglycan fragments. N K cells store their cytotoxic 
effectors by reversible binding to proteoglycans during storage in secretory granules 
upon activation, these complexes would be dissociated when released into the ambient 
pH environment, leaving the toxic mediators to attack the target cells. An overall 
picture of the significance of proteoglycans in hemopoietic cells had been 
comprehensively reviewed by Kolset and Gallagher (1990). 
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1.3 Extraction and Characterization of Salivary Glycoprotein 
The immediate objective of this thesis is to define the molecular determinants 
of the first-ever detectable biological activity in edible bird's nest, and the differential 
contribution from its individual components. It is particularly important to determine 
if this activity is invested in sialoprotein, as it is a predominant product in salivary 
secretion and saliva is the only material with which the nests are built. Thus the very 
first step is to determine whether the active sample is a protein, a glycoconjugate with 
a protein core, or simply a polyglycan. The fact that biological activity is water-
extractable and non-dialyzable excludes the possibility of small peptides and 
oligosaccharides (Ng et al., 1984; Kong et al., 1986，1987). It is noteworthy that 
according to traditional value, completely water-soluble (after prolonged boiling) nests 
、 
are considered bad quality. If consumer preference over 3 centuries reflects the 
medicinal benefits of the nest, and that most nests, even the cleanest ones, are not 
extensively washed before use, the bioactive principle is possible a macromolecular 
entity or complex that dissolve slowly in water. 
While concurrent estimation of protein and carbohydrate could not add up to 
100% by weight in the oven-dried sample, there are good indications that a 
glycoprotein is involved. Further confirmation of a glycoconjugate could be 
established by the determination of hexose, hexosamine and uronic acid. The 
distinction between a glycoprotein and a proteoglycan depends on relevant chemical 
markers. Saliva contains mainly glycoprotein of the mucin-type in which sialic acid 
occupies a terminal position. Mild acid hydrolysis at moderately elevated temperature 
suffices it to release these terminal sialyl residues which could be determined 
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quantitatively by one of the several colorimetric methods, eg. acid ninhydrin method 
(Yao et al., 1989). As for proteoglycan, the chemical markers are the sulphate 
groups, as sulpho-ester. In this case, stronger acid and higher temperature are 
required -for sulphate release which can then be titrated against barium chloride for 
quantitative determination. N-sulphate group, as in heparin or heparan sulphate, could 
be tackled differently by the detection of 2,5-dehydromannose following hydrolysis by 
HNO2 (Carney, 1986). A simple and direct method would be subjecting the dried 
sample for element analysis including sulphur. A fully sulphated (3 sulphate groups) 
heparin unit should contain elements C, H, O, N and S in certain stoichiometric ratios. 
Hence a significant presence of sulphur, though by no means approaching that of 
heparin, would serve as an indication of glycosaminoglycan except hyaluronic acid. 
、 
The distinction between glycoprotein and proteoglycan could be further 
ascertained with chemical liberation of their respective carbohydrate moiety under 
different conditions. 0-glycosidic linkages between glycan and serine or threonine are 
easily cleaved by mild alkaline hydrolysis through /^ -elimination, indicative of a 
proteoglycan. Whereas N-glycosidic linkages in other glycoproteins could only be 
hydrolysed with strong base or elevated temperature, indicative of N-
acetylglucosaminyl-asparagine (GLcN/Ac(/31— > N)ASN bonding. These N-linked 
carbohydrate moieties are often short- and branched-chain oligosaccharides. A general 
chemical method for protein deglycosylation utilizes trifluoromethane sulfonic acid. 
This method is not specific for particular oligosaccharide class but it causes very little 
damage to the protein core. It would be the method of preference to strip off the 
glycoconjugates of their carbohydrate moieties so that their inherent protein backbone 
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could be investigated. 
In addition to chemical methods of detection and degradation, glycoproteins 
could be digested enzymatically by commercially available glycosidase like p-
glucuronidase or neuraminidase. The liberated oligosaccharide could be further 
confirmed for the identity of respective sugar they contain. Glycosidase (N-glycanase, 
chondroitinase, heparitinase) may be used in conjunction with polyacrylamide gel 
electrophoresis. A shift to the lower molecular weight indicates the presence of 
glycosylated protein. However, when using glycosidase of uncertain purity, care must 
be taken to include a cocktail of protease inhibitors like 6-amino caproic acid 
(cathepsin), benzamidine (trypsin-like activity), phenylmethylsulphonyl fluoride (serine 
esterase) or agents like leupeptin and pepstatin. 
、 
Protease by itself could be used to yield useful information on the nature of 
glycoproteins. Exhaustive digestion with broad spectrum protease like pronase will 
reduce a glycoprotein to peptidoglycans. Gel filtration chromatography before and 
after pronase digestion, and monitored by appropriate sugar detection methods will 
show that a macromolecular glycoconjugate is built up on a polypeptide backbone.、 
Moreover, mucin-type 0-linked glycopeptides are smaller and would be retained by 
low series gels like Sephadex G-50 from which a long-chained glycosaminoglycans 
would be eluted in the void volume. 
A strong negative charge betrays the presence of sialic acid, uronic acid or 
sulphate groups. While the negative charge from sialic acids could be easily removed 
by mild acid hydrolysis, the polyanionic charges on glycosaminoglycan can bind 
positively-charged dyes like Aldan Blue or dimethyl methylene blue. Detections of 
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the absorbance spectrum of the dye formed with sulphated glycosaminoglycans give 
qualitative measurements. The high negative charge density of proteoglycans can be 
exploited by using polycations such as cetyl pyridium chloride to precipitate these 
molecules. 
After initial confirmation of the presence of glycoproteins, it is necessary to 
work out an appropriate strategy for the extraction and isolation of the active principle. 
It is only when the active principle could be purified to apparent homogeneity that it 
could be characterized to pin-point the molecular determinant of the activity. It is 
only mechanistic studies could begin and the universal nature of this active molecular 
entity be assessed. The extraction and isolation of glycoproteins should be no different 
between that of simple normal proteins. But with increasing degree of glycosylation, 
、 
and the macroheterogeneity introduced by the chemistry of the carbohydrate units, the 
site and type of side-chain attachment, glycoproteins as a group would become 
extremely diversified with respect to solubility in aqueous medium, hydrodynamic size 
in solution, charge density and charge distribution pattern, and interaction with 
hyaluronic acid to form supramolecular aggregates. 
It has been fortunate to work with the edible bird's nest which in essence is 
glycoprotein per se. This obviates the necessity to enrich the glycoprotein fraction 
from insoluble hard tissues like bones and cartilage or from minute quantities in 
extracellular matrix derived from soft tissues and cell cultures. Since there is 
obviously no cellular component in the nest material, there is also a reduced possibility 
of the interference by tissue protease and glycosidase that would certainly aggravate 
the inherent microheterogeneity. Nevertheless, it should be borne in mind that saliva 
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is a secretory product and the salivary gland does not manufacture only mucin-type 
glycoproteins. Indeed, the cartilaginous nature of the nest presupposes an important 
presence of proteoglycans which would be indispensable to impart certain mechanical 
propertie&.to nest architecture. Secretory granules contain proteoglycans to be released 
as such, or as vehicle for other bioactive molecules. In the case of hyaline cartilage, 
chondrocytes secret chondroitin sulphate for a purely structural purpose, and they are 
so much engaged in performing this special function that in the end they are entombed 
by their own secretory products. The sea swiftlets may come up with the same 
solution under the pressure of evolution - those birds that could secret proteoglycans 
for nest building could survive an air-bome mode of life. With these considerations 
in mind, it is fair to assume that an aqueous extract of the nest material would contain 
、 
both mucin-type glycoprotein and macromolecular proteoglycans. Hence the basic 
logistic approach in extraction and isolation would be the separation of one from the 
other. 
、 
Generally speaking, sialoproteins like mucin are fairly water soluble because of 
their sialic acid residues and a small molecular size; the branched oligosaccharide side 
chains are also hydrophilic. But the protein core of the mucin often contains a 
hydrophobic domain that causes the molecule to enter in non-covalent interaction with 
other molecules or even its own kind, particularly at high concentrations. Thus a clear 
solution of mucin may turn into an insoluble aggregate upon concentration and 
lyophilization and refuses to be re-dissolved in the same medium. Alternatively, non-
specific binding can bring in a number of unwanted co-isolates that accompany the 
mucin through all steps of purification. The main problem comes with the 
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proteoglycans. Because of their high charge density, large molecular weight and 
clustering of glycosylation sites, they are very reluctant to dissolve by extracellular 
fluid. On top of this, glycosaminoglycans have the notorious property to form 
aggregate's with hyaluronic acid. Thus an extremely complex 3-tiers structure, starting 
with a long filament of hyaluronic acid, itself a non-sulphated glycosaminoglycan in 
which are attached a number of the globular binding region of the protein core which 
carries clusters of up to 100 disaccharide repeating units, can be formed. Such a 
multimolecular complex would not go into solution without the use of detergents, 
chaotropic or H-bond disruption chemicals like guanidine chloride, urea or sodium 
thiocyanate. It is necessary to maintain the constant 
广， 
presence of these dissociative agents in all subsequent stages of processing, otherwise 
、 
aggregation will reappear upon concentration or removal of the dissociative agent by 
dialysis. Stable solubilization could be achieved by removal of the link protein, 
depolymerization of the hyaluronic acid backbone or selectively splitting off the 
hyaluronic acid binding region of the proteoglycan core protein by limited proteolysis. 
Such destructive measures, while yielding a better solubilized preparation for chemical 
analysis, are not always compatible with bioassay, especially at the cellular level in 
various cultures. 
Given a fair degree of solubility, sialoprotein could be separated from 
proteoglycan first by virtue of its molecular size. Using high series gels like Sephadex 
G-200, Sepharose 4B or Superose 6，proteoglycan with an approximate hydrodynamic 
size of 10^ , even in its soluble state, would be excluded in the, or near the void 
volume, while mucin-type sialoproteins will be retained on the column in an elution 
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volume relevant to their smaller molecular weight. As noted above, it might be 
necessary to run the column with eluants containing dissociative agents to maintain a 
workable soluble state. 
The negative charge of glycoprotein lend themselves to readily separation by 
ion-exchange chromatography. While both sialoprotein and glycoprotein would attach 
themselves to anion-exchangers, the proteoglycan, because of a high charge density, 
could only be eluted with high salt concentration. If high salt concentration is likely 
to produce on-column salting-out effect, the difference in charge density of these two 
groups could be enhanced by neuraminidase-mediated removal of the terminal sialic 
acid residues in sialoproteins. On the contrary, the polyanionic property of 
proteoglycans could be masked by strong ionic binding to divalent cation like Ca++. 
Here the use of chelating agents could effectively contribute to solubilization of the 
calcium salt and its retention on anion-exchange media. 
Co-isolates of small molecular weight and hydrophobic nature can be dissociated 
by urea and then separated on hydrophobic affinity chromatography column like Octyl-. 
Sepharose. This is almost a prerequisite step to study the biological activity of 
glycoproteins in order to show that the glycoconjugate is in fact active by itself rather 
than serving as a vehicle for an active small molecular ligand. This tendency of non-
covalent interaction might well be a manifestation of the biological activity itself as it 
could serve as a storage compartment for cytokines and other bioactive molecules 
which are actually the immediate effectors of biological activity. Or they can simply 
act as cell-surface adhesion molecules so that cell-cell interaction could be reinforced 
to a demonstrable degree under in vitro conditions in short-term experiments. 
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A particularly useful method for the separation of glycoproteins is the lectin 
affinity chromatography. Lectin recognized specific sugar structure and sequence. 
Specific interaction in immobilized-lectin column could be further increased by the use 
of mono^ccharide inhibitors. For example, Con A recognizes a-D-mannose and a-D-
glucose. Thus Con A Sepharose will selectively pick up glycoconjugates with the 
sequence: 
GlcNAc(/?l" > 2)Man(al-> 
^ ^ Man(i81- > 4)—Asn 
GlcNAc(/31" > 2)Man(Q:l-- > 6) ^ 
、 Furthermore, the glycoconjugates retained on this media should be able to be released 
by competitive binding with a-methylmannose or methy-a-D-glucose. In this case, 
successful separation also gives some insight into the composition and structure of the 
carbohydrate moiety. In this connection, the sequential use of two or more affinity 
chromatographic media could effectively fractionate a mixture of glycoproteins that 
defy so far all other means of group separation, e.g., charge or size. The most 
currently utilized combination is Con A and Wheat-germ agglutinin. The latter 
removes mucin-type sialoproteins. Inasmuch as this thesis is concerned, even the 
active principle in the edible bird's nest is not retained by either of these lectin-affinity 
media, it opens the possibility that the biological activity is invested in the 
proteoglycans. This gives sufficient reason to redesign a different strategy in 
extraction and purification. 
High performance liquid chromatography (HPLC) which is the main-stay in all 
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kinds of chromatographic operation still finds limited application to glycoproteins 
because of the latter's out-sized hydrodynamic dimension and macroheterogeneity that 
are both incompatible with the precision one expects of HPLC. Nevertheless, when 
peptidoglycans are released by protease treatment, or oligosaccharide chain liberated 
by chemical cleavage or enzymatic digestion, these small molecules could be very well 
resolved on reversed-phase HPLC column. By the same token, small proteoglycan 
carrying a limited number of glycosaminoglycans can be digested with controUed-
trypsin action followed by chromatography in C-18 reverse-phase column. The elution 
profile following a fixed acetonitrile gradient is well resolved to such an extent that 
it is able to distinguish and compare particular proteoglycan of different tissue origins 
(Heingard, 1990). 
、 
The polydispersity in size and charge of glycoproteins is a serious limitation to 
their purification and characterization by gel electrophoresis or other electro-mobile 
methods like electrofocusing. The large molecular size of proteoglycans generally 
prevents them from penetration into polyacrylamide gels. In order to increase the pore 
size, low concentration (< 20%) gels must be used and these gels should be 
strengthened with some agarose, e.g., 0.5%. Even then, the bands are broad and 
slurry. Staining of glycoprotein is already a problem in itself, when compounded with 
zone broadening, resolution is poor as a result. However, gel electrophoresis can still 
contribute to the understanding of proteoglycan structure when suitably modified. For 
example, samples with or without prior enzyme digestion could be run in the same 
slab gel, thus revealing small molecular weight digestion products, or the initial 
substrate has been trimmed small enough to enter into the gel. This gives an 
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approximate idea of the molecular dimension of the proteoglycan and its side chains. 
When an active preparation undergoes purification, aliquots from sequential steps run 
on the same gel will tell whether the discrete bands of well-resolved protein species 
are concentrated or eliminated. In the former case, the active principle is possibly a 
pure protein or a small proteoglycan with few side chains. On the contrary, 
purification and increase in potency mean elimination of discrete bands; the active 
principle must be associated with a huge macromolecular complex requiring more 
drastic dissociative treatment that opens up the complex for further purification. When 
small enough, glycopeptides or peptidoglycans could be unequivocally identified in 2-
dimensional polyacrylamide gel electrophoresis (Dziarslei,). 
广， 
Before closing on this section, it may be appropriate to point out that in spite 
、 
of its size and heterogeneity, proteoglycans could be separated effectively by density 
gradient centrifugation. The fact is that the strong polyanionic charges in sulphate or 
uronic acid containing proteoglycans make their molecule bind cesium, resulting in a 
higher buoyant density than in its native state. Consequently, it sediments quicker and 
moves further away from other glycoproteins. The moving boundary method will 
allow an approximation of the molecular mass. Such highly differentiative method 
in glycoprotein separation is limited by its small capacity and subject to the success 
of prior purification efforts to yield a sample of apparent homogeneity. 
In conclusion, it is neither practical nor possible to design universal protocol 
for the work-up of even a fairly well-defined group of glycoproteins. But having full 
consideration of the special chemical and structural properties of glycoproteins, a 
number of diversed approaches can be tried by taking advantage of specialized 
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components (e.g., sialic acid) or structures (e.g., hydrophobic domains). This makes 
an entirely empirical undertaking more effective and less frustrating. However, caution 
must be exercised here before any attempts to extract, not to say, purify glycoprotein. 
If in the. final analysis the target is a biologically active molecular entity, many 
chemical methods are not applicable. Even with enzymatic methods, residual enzyme 
activity and remnant inhibitors could greatly distort the outcome of bioassay methods 
involving cell culture. While these activity constraints deprive the researchers of a 
good part of well-established methods in glycoprotein research (larach-Carsers, 1986; 
Carney and Mentreuil, 1986)，there are biochemical methods like radioreceptor 
binding, generation of specific antibodies that could recognize particular carbohydrate 
epitope, and radiolabelling of selective precursors, etc., that could add a new 
、 
dimension in the analytical capacity to handle complex glycoconjugates. The important 
message is that mucin, mucopolysaccharides and proteoglycans which are previously 
known as structural elements in extracellular matrix are now becoming informative 
regulatory molecules that are vital to cell economy and function. It is fortunate to 
have the edible bird's nest as a rich natural source of bioactive glycoprotein � 
concentrate for human consumption or investigative analysis. 
37 
CHAPTER 2 
MATERIALS AND METHODS 
2.1 Preparation of Swiftlet's Nest Extracts 
Intact swiftlet's nests (SN) (see Fig. I) were purchased from a principal 
local supplier who imported them from Indonesia. After being dried for a few 
days in an incubator at 37。C，the nests (-100 g) were blended into powder and 
then soaked in 10 volumes of distilled water. The mixture was heated at 60。C 
for 2 hours and then centrifuged at 5000 rpm (4。C) for 30 min. This extraction 
广， 
procedure was repeated once, and the pooled supernatant was collected. 
Subsequent fractionation procedure was illustrated in Fig.l. The supernatant 
was ultrafiltrated through a Pellicon P T H K 100 membrane to obtain the 100 
K - O U T and 100 K-IN fractions which contained populations of molecules with 
molecular size smaller than 100 kDa and larger than 100 K, respectively. The 
100 K-IN fraction was divided into two portions. One was lyophilized and the -
other was added with an equal volume of acetone to obtain the acetone powder 
fraction. 
22 Chemical and Biochemical Analysis of SN Extracts 
2 � 1 Chemical Analysis 
2:2.1.1 Element Analysis 
Microanalysis of constituent elements in SN extract was performed by 
Butterworth Laboratories Ltd (UX). Relative abundance of elements, 
including carbon, hydrogen, nitrogen and sulphur, as well as the metal calcium 
38 
were determined. 
2:2.1^ Ash and Atomic Absorption (AA) Analysis 
Both ash and A A analysis were performed as a courtesy by Dr. K F . 
Cheng, Department of Chemistry, The University of Hong Kong. 
Ash was obtained by heating the sample in oven at 800。C until constant 
weight had been reached. This process took about 3 hours. Ash obtained was 
dissolved in concentrated nitric acid, and A A was measured in the diluted 
solution (by adding deionized water) using a Varian Techtron 1200 A A 
spectrophotometer. In the case that ash content was negligible, the fresh 
sample was dissolved in concentrated nitric acid, and A A of the diluted solution 
was measured. 
222 Biochemical Analysis 
222.1 Protein Determination 
Protein content was determined by the method of Bradford (1976)， 
using Bio-Rad Protein Assay reagent. Bovine serum albumin (BSA) from Sigma 
was used as standard. Sample solution (1 ml), at a concentration of 1 mg/ml 
in double-distilled water, was mixed with 4 ml of 5-fold diluted Bio-Rad Protein 
Assay reagent and stood for 10 minutes at room temperature. Absorbance at 
595 run was measured. 
Protein content of SN fractions were measured by the Lowry's method 
(Lowry et al., 1951)，using B S A as standard. Sample solution (0.2 ml), at a 
concentration of 1 mg/ml in double distilled water, was mixed with 3 ml of 
Lowry Reagent which was prepared by mixing 1 part 0.5% copper sulphate, 1 
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part 2 % sodium potassium tartrate with 100 parts 2 % sodium carbonate in 0.1 
N N a O H (freshly prepared). After incubating for 10 min. at room temperature, 
0.2 ml of dilute Phenol reagent (1:3, v/v, freshly prepared in double distilled 
water) was ‘ added，and the reaction mixture was mixed immediately and stood 
at room temperature. Absorbance at 750 n m was read after 30 min. 
2 2 2 2 Hexose Determination 
Hexose content was determined by anthrone/sulphuric method (Roe， 
1955)，using glucose as standard. In a lO-ml test tube, 1 ml of sample solution, 
1 ml of 37% HCl and 0.1 ml of 90% formic acid were mixed with 8 ml of 
anthrone solution (freshly prepared by dissolving 20 mg of anthrone (Sigma) in 
100 ml of 80% sulphuric acid). After heating in a boiling-water bath for 12 
minutes, the reaction mixture was immediately immersed in a cold-water bath 
to cool down to room temperature. After vortexing, the reaction mixture was 
allowed to stand for 5 minutes and the absorbance at 630 n m was measured. 
2J22.3 Uronic Acid Determination 
Uronic acid was measured according to the method of Bitter and Muir 
(1962)，using glucuronic acid (Sigma) as standard. Sodmm tetraborate 
decahydrate, benzoic acid and carbazole were obtained from E. Merck 
(Darmstadt, Germany). Sulphuric acid (sp. gr. 1.84) and absolute ethanol were 
purchased from Riedel-de Haen (Hannover, Germany). 
Aliquots (5 ml) of sulphuric acid reagent (25 m M sodium tetraborate 
decahydrate in sulphuric acid) were added in tubes placed in a rack and 
allowed to cool in a ice-bath. Sample or standard solution were prepared in 
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distilled water saturated with benzoic acid. The sample solution (1 ml) was 
carefully layered on the sulfuric acid reagent. The tubes were closed with 
Telfon stoppers and the rack was shaken at first gently, then vigorously with 
constant cooling. Reaction mixtures were then heated for 10 minutes in a 
boiling-water bath and cooled to room temperature thereafter. Aliquots (0.2 
ml) of carbazole reagent (0.125% (w/v) carbazole in absolute ethanol) were 
added, and the reaction mixtures were shaken again. After heating in the 
boiling water bath for a further 15 minutes and cooling to room temperature, 
absorbance at 530 n m of the reaction mixture was then measured. 
222A Hexosamine Determination 
Hexosamine content was measured according to the method of Belcher 
(1954). Acetylacetone, glucosamine, N-acetylglucosamine, N-acetylgalactosamine 
were purchased from Sigma, p-dimethylaminobeiizaldehyde was obtained from 
Tokyo Kasei Kogyo (Tokyo, Japan). The sample was hydrolysed with 6 N H Q 、 
at 100。C for 6 hours. ^ After neutralizing with NaOH, 0.5 ml of acetylacetone 
reagent (acetylacetone/0.625 M Na^COg, 1:24) and 1 ml of distilled water were 
added to the mixture. The reaction mixture was shaken vigorously and then 
heated in a boiling water-bath for 10 minutes. After cooling to room 
temperature, 2.5 ml of ethanol was added and mixed carefully. The reaction 
mixture was heated again in a water-bath at TS^ 'C for 5 minutes. Ehrlich's 
reagent (1.6 g of recrystallized p-dimethylaminobenzaldehyde in 30 ml 
concentrated HQ), in a volume of 0.5 ml, was added and the reaction mixture 
was heated at 75°C for 30 minutes. After cooling to room temperature, 95% 
ethanol (2.5 ml) was added. Absorbance at 520 n m of the reaction mixture was 
41 
measured after 30 minutes. 
222.5 Sialic Acid Determination 
Sialic acid content was measured according to the method of Ikeda 
(1989)，using N-acetylneuraminic acid as standard. N-acetylneuraminic acid and 
ninhydrin were obtained from Sigma. Glacial acetic acid was purchased from 
Riedel-de Haen (Hannover, Germany). Tlie reaction mixture, containing 1.0 
ml each of sample solution, glacial acetic acid and acid ninhydrin reagent (a 
mixture of 5 g ninhydrin, 120 ml acetic acid and 80 ml of 37% H Q ; prepared 
as described by Gaitonde (1967) and Ubuka (1987))�was heated for exactly 
10 minutes in a boiling- water bath. The reaction mixture was rapidly chilled 
in running tap water, and absorbance at 470 n m was measured. 
222.6 Sulphate Determination 
Sulphate content was measured according to the method of Dodgson 
(1962)，using potassium sulphate as standard. Barium chloride and 
trichloroacetic acid (TCA) were obtained from Riedel-de Haen (Hannover, 
Germany). Gelatin, was a product from Sigma. Gelatin solution was prepared 
by dissolving 2 g of gelatin in 400 ml of hot water (60-70。C). This preparation 
was allowed to stand for a least 6 hours at 4。C. Barium chloride-gelatin 
reagent was prepared by adding 2 g of barium chloride in the semi-gelatinous 
gelatin solution, and the resultant cloudy solution was allowed to stand for 2-3 
hours before use. 
The sample, usually 2-4 mg, was dissolved in 6 N H C L A portion (-0.5 
ml) of the mixture was transferred to a glass tube (0.5 x 10 cm) which was 
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then sealed in an oxy-gas flame and kept in an oven at 105-110。C for 5 hours. 
After cooling, the acid hydrolysate was mixed before opening the sealed tube. 
A n aliquot (0.2 ml) was transferred to a tube containing 3.8 ml of 4 % TCA. 
Barium chloride-gelatin reagent (1 ml) was added, and the reaction mixture was 
mixed and stood for 10-20 mimtes at room temperature. Absorbances at 360 
n m of . this test solution was measured, using reagent containing 0.2 ml of 6 N 
HCl, 3.8 ml of 4 % T C A and 1 ml of gelatin solution as blank. 
23 Assay of Co-mitogenic Activity in Lymphocyte Culture 
2.3.1 Preparation of Human Peripheral Blood Lymphocytes 
Heparinized cord blood was obtained from the obstretic ward in Prince 
of Wales Hospital (PWH). Human peripheral blood lymphocyte (PBL) were 
prepared according to the method of Boyum (1968). The heparinized cord 
blood was first diluted with an equal volume of plain medium (RPMI 1640 
(Sigma), without fetal calf serum (FCS)). A n aliquot (20 ml) of diluted cord 
blood was then layered carefully onto the surface of 25 ml of Ficoll-Paque 
(Pharmacia) placed in a plastic centrifuge tube and centrifuged at 400-500 g^ v 
for 30 minutes at room temperature. After centrifagation, the lymphocyte-
containing layer at the inter-phase was collected. The cell suspension was 
washed with plain medium three times before use. Viable cells were counted 
using Trypan Blue dye exclusion method (Philip, 1973). 
2.3:2 Co-mitogenic Assay 
The co-mitogenic activity of tested samples was assessed in PBL culture, 
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in the presence of lectin mitogen at a desired concentration. The blastogenic 
response of lymphocytes was determined by measuring the increased D N A 
synthesis, as indicated by ^ H-thymidine incorporation. A n aliquot (1.0 x 10^ ) of 
PBL cells in 0.1 ml culture medium (RPMI 1640 (Sigma) medium, 
supplemented with 10% heat-inactivated FCS (Gibco) and 1% antibiotics 
(Gibco)) was added to each well of a flat-bottomed 96-well culture plate 
(Coming). Tested samples were dissolved in phosphate buffered saline (PBS), 
and the resulting solution was filtered through Millipore filter. Lectin mitogen 
(prepared in culture medium) and tested sample solution were added, and the 
lymphocyte culture, in a final volume of 0.2 ml, was incubated for 72 hours at 
37。C in a humidified atmosphere containing 5 % C〇2 in air. The cultures were 
•V 
then labeled for 6 hours with [methyl-^H] thymidine (Amersham, 2.0 Ci/mmol) 
at 0.5 ^ Ci per well. The cells were harvested with a cell harvester (Dynatech, 
Automash 2000) using glass fibre paper (Flow Lab), and the radioactivity was 
counted in a liquid scintillation counter (Beckman, LS1801). 
2.4 Effect of SN Pretreatment on Concanavalin A-stimulated Blastogenic 
Response in Mouse Splenocytes 
2.4.1 Administration of SN Extracts 
Female Balb/C H-2'^  mouse (6-8 week old) was administered with SN 
extract (prepared in H2O) given intra-gastrically at a daily dose of 100 mg/kg 
for seven days. Control animal was given H2O instead. Animals were 
sacrificed 24 hours after the last dose. The spleen was removed, and in vitro 
measurement of Con A-stimulated blastogenic response in splenocyte culture 
was performed as described in the following section. 
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2.42 Preparation of Mouse Splenocytes 
Spleen from control or treated mouse was removed aseptically, minced 
with a pair of scissors and pressed through a sterilized 60 mesh stainless steel 
screen with a plastic syringe-plunger. I^ge cell clumps and debris were 
removed by centrifaging at 300 xg for 5 seconds. The cell suspension (4-5 ml) 
was then layered carefully onto 4 ml of FicoU-Paque solution, and was spun at 
300 xg. After washing twice with plain R P M I medium, cells were 
resuspended in complete R P M I medium, i.e. supplemented with FCS, and kept 
at 4。C. Viable cells were counted by Trypan Blue dye exclusion method. 
、 
2.4.3 Concanavalin A-Stimulated Blastogenic Response Assay 
The blastogenic response of lymphocytes to T-cell mitogen Concanavalin 
A (Con A) was determined by measuring the increased D N A synthesis, as 
assessed by ^ H-thymidine incorporation. Viable splenocytes (5 x 10^  cells/well) 
in a flat-bottomed 96-weU culture plate (Coming) were cultured, in a final 
volume of 0.2 ml, in the presence of increasing concentrations of Con A 
(0.3/xg/inl to S^g/ml). The culture was incubated for 48 hours at 37。C in a 
humidified atmosphere containing 5 % CO2 in air, and was then pulsed with 
0.5/xCi ^H-thymidine for 6 hours. The cells were harvested and the 
radioactivity was counted, as described in section 2.3.2. 
2.5 Characterization of SN Extracts by Chromatographic Methods 
2.5.1 Gel Filtration Chromatography 
2.5,1.1 Sephadex G-200 Chromatography 
The lyophilized powder of SNp2C (-160 mg) was dissolved in 20 ml of 
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running buffer (20 m M ammonium bicarbonate, p H 7.3) and applied to a 3.2 
X 28.5 cm Sephadex G-200 (Pharmacia, bead size: 40-120 colinim which 
was run at a flow rate of 16 ml per hour. 
1.S.12 
Superose-Fast Protein Liquid Chromatography 
Hie Fast Protein Liquid Chromatography (FPLC) system was purchased 
from Pharmacia. Gel filtration was performed on Superose-12 column (0.75 x 
30 cm; fractionation range: 10^-3 x 10^ ) and Superose-6 column (0.75 x 30 cm; 
fractionation range: 5 x itf - 5 x lO”. The column was equilibrated and eluted 
with 150 m M NaCl, 50 m M sodium phosphate, p H 7.0 at a flow rate of 0.4 
、 
ml/min. Molecular weight markers, thyroglobulin (670 K), fibrinogen (341 K), 
r-globulin (160 K) and cytochrome C (12.4 K) (all from Sigma), were used for 
calibrating the column. 、 
2.5.2 Ion-Exchange Chromatography 
2 . 5 � 1 DEAE-Sepharose 
Biologically active sample (40 mg) eluted from Sephadex G-200 column 
was dissolved in 4 ml of starting buffer (20 m M Tris-HCl, p H 8.0) and applied 
to a 1.2 X 18.6 cm DEAE-Sepharose Fast Flow column. Elution was done by 
applying a linear gradient of NaCl (0-1 M ) at a flow rate of 1 ml/min. 
2.5:2:2 Mono-Q FPLC 
Anion-exchange FPLC was performed on Mono-Q HR5/5 (0.5 x 5 cm). 
Mono-Q column was equilibrated with 20 m M Tris-HCl，pH 8.0, and eluted by 
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a linear gradient of NaCl (0-1 M ) in equilibration buffer. The flow rate was 
maintained at 1 ml/min. 
2.5.3 Immobilized Metal Affinity Chromatography 
The metal chelating gel (tricarboxy-methylethyleiiediainiiie, TED) 
(Pharmacia) was loaded with nickel (2+) ions, and the chromatographic 
conditions were adopted from the method of Yip et al. (1985). Ni-TED was 
equilibrated with 50 m M Tris-HCl buffer, 0.5 M K.SO^, p H 7.4. Active fraction 
obtained from Sephadex G-200 chromatography was added with known amount 
of solid K2SO4 to give a final salt concentration of 0.5 M prior to application 
to the column. Unadsorbed fraction was washed out with equilibrating buffer, 
whereas the adsorbed fraction was eluted by 0.1 M sodium acetate buffer 
containing 0.5 M K2SO4 at p H 6.0. 
2.5.4 Wheat-germ lectin Sepharose Chromatography 
Active SN fraction (SNp2C, 50 mg) was dissolved in PBS and applied to 
a Wheat-germ lectin Sepharose column (1 x 3 cm) equilibrated with the same 
buffer. After washing with 6 bed-volume of PBS, the adsorbed fraction was 
eluted with 0.1 M N-acetyl-glucosamine in PBS. 
2.5.5 Octyl-Sepharose Chromatography 
Active fraction (20 mg) obtained from DEAE-Sepharose chromatography 
was dissolved in a starting buffer (0.1 M sodium acetate, 2 M ammonium 
sulphate, p H 6.0)，and then applied to a column (1.2 x 12.4 cm) of Octyl-
Sepharose CL-4B (Pharmacia) equilibrated with the starting buffer. After 
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washing with 3 bed-volume of starting buffer, the adsorbed fraction was then 
eluted with 0.1 M sodium acetate, p H 6.0. 
2.5.6 Limulus Polyphemus Agarose Chromatography 
- .、_-、•- —— • 
limulus Polyphemus Agarose (LPA) gel was purchased from E-Y Lab., 
San Mateo. The L P A column ( 1 x 2 cm) was equilibrated with a buffer 
containing 50 m M Tris-HCl, 0.15 M NaCl and 10 m M CaCl^ at p H 8.0. Sample 
was dissolved in equilibrating buffer at a concentration of 1 mg/ml 
concentration. After washing with 3-5 bed-volume of equilibrating buffer, the 
adsorbed fraction was eluted by a buffer contaming either 10 m M sialic acid 
or 0.1% EDTA, together with 50 m M Tris-HCl and 0.15 M NaCl, p H 8. 
、 
2.5.7 Heparin-Agarose Chromatography 
Heparin-Agarose gel (Affi gel) was purchased from Bio-Rad. The 
Heparin-Agarose column (1x2 cm) was equilibrated in 20 m M Tris-HCl, p H 
7.5. Sample dissolved in the equilibrating buffer was applied, and the column 
was washed with 3 bed-volume of equilibrating buffer. The adsorbed fractions 
were eluted by applying a linear gradient of NaCl (0-1 M). 
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2.6 Electrophoretic Analysis of SN Extract 
2.6.1 Sodium Dodecyl sulphate / Polyaciylamide Gel Electrophoresis 
(SDS/PAGE) 
Acrylamide, N,N'-methylenebisacrylamide, ammonium persulphate, were 
.obtained from Bio-Rad. N，N N，，N，- tetramethylethylenediamine (TEMED) was 
purchased from Sigma. Tlie apparatus ( P R O T E A N H) was a product of Bio-
Rad. The gel mould was assembled according to manufacturer's instructions. 
The buffer system adopted here was based on the method of Laemmli and 
Favre (1973). Separating gel (12%) prepared in a slab gel mould (16 X 20 X 
0.1 cm) was overlayed with a 5 % stacking gel. Electrophoresis was carried out 
、 
at 10。C with a constant current of 20 mA. Samples were first solubilized by 
boiling with 2 % (w/v) SDS plus a reducing agent, 2-mercaptoethanol, for 10 
minutes, and the mixture was then applied to the gel slots using Hamilton 
syringe. The separating gel buffer was 0.375 M Tris-HCl, p H 8.8, while the 
stacking gel buffer contained 0.125 M Tris-HCl, p H 6.8. The sample buffer 
contained 6% (w/v) SDS, 6 % 2-mercaptoetliaiiol, 40% sucrose and 0.02% 
bromophenol blue in 0.125 M Tris-HCl, p H 6.8. Electrode buffer consisted of 
0.1% SDS, 0.192 M glycine, 25 m M Trisma base, p H 8.3. Electrophoresis was 
stopped when the bromophenol blue mark line came close to the edge of the 
gel. Then, the gel was immersed in a staining solution (0.05% (w/v) Coomassie 
Brilliant Blue R250 in destaining solution containing acetic 
acid:inethaiiol:distmed water, 1:3:10，v/v/v) for at least 2 hours. The gel was 
destained by immersing in the destaining solution, with frequent change of 
destaining solution, until the background became clear. A Pharmacia 
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electrophoresis calibration kit, composed of phosphorylase b ( M W 94,000), 
bovine serum albumin ( M W 66,000), ovalbumin ( M W 43,000), carbonic 
anhydrase ( M W 29,000), soybean trypsin inhibitor ( M W 20,100) and a-
lactalbumin ( M W 14,400), was used as molecular weight markers. 
• - k. 
2.62 Isoelectrofocusing in Polyacrylamide Gel 
Acrylamide, N,N'-inethylenebisacrylaniide, T E M E D and ammonium 
persulphate were obtained from sources mentioned in the previous section. 
1809 Ampholine (pH 3.5-10) was a product of Pharmacia, pi markers were 
purchased from Bio-Rad. Electrophoresis was performed on the L K B 2117 
Multiphor 11 System with L K B 2197 power supply. The procedure used here 
、 
was mainly based on the L K B Application Note 250. 
2.62.1 Preparation of Gel 
The gel mould (12.5 x 26 x 0.3 cm) was set up according to the 
instruction of supplier. The gel forming solution, containing 10 ml of 21.9% 
(w/v) acrylamide solution, 10 ml of 0.9% (w/v) N,N'-methylenebisacrylainide 
(Bis) solution, 7 ml of 87% (v/v) glycerol, 2.8 ml of 1809 Ampholine and 
enough distilled water to make up a final volume of 60 ml, was degassed for 
10 minutes, 1.5 ml freshly prepared 1% (w/v) ammonium persulphate and 40 
fil T E M E D were then added to the mixture. The gel mould was held vertically 
and completely filled with the well-mixed solution. After polymerization, the 
gel, stayed in the mould with clamps detached, was stored at 4°C for 30 
minutes, and was then carefully taken out with the help of a wet spatula. 
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2,622 Isoelectrofocusing Procedure 
Spreading on a supporting thin glass plate, the polyacrylamide (PA) gel 
was carefully layered on the cooling plate wetted with light paraffin oil. 
Electrode strips were soaked in the appropriate electrode solution (Anode _ 1 
M H3PO4； Cathode - 1 M NaOH) and placed on the surface of P A gel. The 
protruding parts of electrode strips were cut off. SN sample or pi marker was 
applied by pipetting the sample solution (~15 /J) on the filter paper 
(Pharmacia, lEF accessory) which was then placed on the gel. Electrophoresis 
was performed at constant power (25 W); temperature was maintained at 10°C 
by a cooling system (Eyela CA-101, Tokyo ). After running for 1 hour, the 
power supply was turned off and the sample-carrying filter paper was removed. 
The power was resumed again and the gel was n m for another hour. 
2.6:2.3 Fixing, Staining and Destaining 
Following electrophoresis, the gel was immersed in a fixing solution (10% 
TCA, w/v) for half to one hour and then put into a destaining solution (acetic— 
acid:inetliaiiol:distilled water, 1:3:10，v/v/v) for 30 minutes. The staining 
solution was composed of 0.115% Coomassie Brilliant Blue R250 (Bio-Rad) and 
the gel was stained for 10 minutes at 60。C. The gel was then destained, with 
frequent changes of destaining solution, until the background became clear. 
2.6.3 Gradient Polyacrylamide Gel Electrophoresis 
The protocol was adopted from Rice (1987)，which was specially designed 
to analyze the complex polysaccharide such as glycosaminoglycans (GAG). 
Chondroitin sulphate A, chondroitin sulphate B, chondroitin sulphate C, 
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hyaluronic acid, heparin and chondroitinase A B C (EC 4.2.2.4，0.6 U/mg) were 
purchased from Sigma. Hyaluronidase (EC 3.2�35，1000 U/mg) was a product 
of Boehringer (Mannheim, Germany). Chemicals used for gel setting were the 
same as those described in section 2.6.1. Electrophoresis was performed on the 
P R O T E A N n apparatus (Bio-Rad) at 10。C. 
2.6.3.1 Preparation of Gradient Polyacrylamide Gel 
The separating gel and lower buffer chamber contained 0.1 MTris/0.01 
M disodium E D T A buffer, p H 8.3. The stacking gel was prepared in the same 
buffer, adjusted to a p H of 6.3 with concentrated HCl. The upper buffer 
chamber contained 0.2 M Tris/1.25 M glycine hydrochloride, p H 8.3. 
> 
Solutions prepared for gel-setting contained 11.52% (w/v) acrylamide 
with 0.48% (w/v) N,N'-methylenebisacrylamide and 1% sucrose in separating 
gel buffer, and 23% (w/v) acrylamide with 2 % (w/v) N，N�-
methylenebisacrylamide and 15% (w/v) surcose in separating gel buffer. 
Gradient gels were poured by adding’ 12.5 ml of 12% total acrylamide 
(acrylamide +. N,N'-inethylene- bisacrylamide) solution to the back chamber of 
the gradient former, and 12.5 ml of 25% total acrylamide solution to the front 
chamber, which was continuously mixed by a magnetic stirrer. The solutions 
in the front chamber and back chambers were separated by a short length of 
clamped tubing. Ammoniiini persulphate, 100 of a 10% (w/v) solution in 
water, was added to the front chamber and 200 fd to the back chamber, 
followed by addition of 15 /J of T E M E D to both the front and the back 
chamber. After the clamp between the chambers had been removed, the 
acrylamide solution in the front chamber pass through a glass tube inserted 
52 
between the glass plates along the spacers to the bottom of the gel sandwich. 
The stacking gel containing 4.75% (w/v) acrylamide with 0.25% (w/v) 
ammonium persulphate and 15 of T E M E D was applied on to the top of the 
separating- gel. 
Sample solution (20 containing 50% (w/v) surcose was placed in the 
bottom of the wells, using a Hamilton syringe. To the empty well on both of 
the left and right edge, 10-15 yl of Bromophenol Blue in 50% (w/v) surcose 
stacking gel buffer solution was added. The miming condition was the same 
as the SDS/PAGE electrophoresis mentioned in the previous section except the 
electrophoresis was stopped after the bromophenol blue had migrated to the 
middle of the separating gel. 
� 
Gels were removed from the glass plates and stained overnight in 0.5% 
(w/v) Aldan Blue in 2 % (v/v) acetic acid. Destaining was accomplished by 
successive washes with 2 % (w/v) acetic acid. 
2.7 Enzymatic Modification of SN Extracts、 
2.7.1 6-glucuronidase (EC 22.131) 
iS-glucuroiiidase (purified from bovine liver) was obtained from 
Worthington (New Jersey, U.S.A.). To 0.5 ml of a solution containing SN 
extract (5 mg) in 0.5 M sodium acetate, p H 5.0, 0.5 mg of enzyme was added, 
and the mixture was incubated at 37°C for periods ranging from 1 hour to 3 
days. The reaction was stopped by neutralization with N a O H and heat-
inactivation of the enzyme at 100。C for 2 minutes. 
2.72 Hyaluronidase (EC 3�2.1.35) 
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Hyaluronidase (1000 U/mg, purified from ovine testes) was a product, 
from Boehringer (Mannheim, Germany). To 2 ml of gelatin/saline/acetate 
buffer, containing 1% (w/v) gelatin, 0.15 M NaCl and 0.1 M sodium acetate, 
p H 5.0, 5 mg of SN fraction and 3 mg of hyaluronidase was added and mixed. 
The reaction mixture was incubated at 37。C for 24 hours or 3 days. Reaction 
was stopped by heating the reaction mixture at 100。C for 2 minutes. 
2.7.3 Chondroitinase ABC (EC 4«2�4) 
Chondroitinase A B C (-0.5 U/mg, purified from Proteus vulgaris) was 
purchased from Sigma. With 1 ml of solution containing 40 m M Tris-HCl, 40 
m M sodium acetate, 0.01% (w/v) BSA, p H 8，1 m g each of the enzyme and 
� 
SN extract were mixed and incubated at 37。C for 24 hours or 3 days, 
2.8 Miscellaneous Reagents 
2.8.1 Phosphate-buffered-saline (PBS) 
PBS was prepared by dissolving 8.0 g of NaCl, 0.2 g of KCl, 1.15 g of 
NaJfflP04 and 0.2 g of KH2PO4 in 1000 ml double-distiUed water. The solution 
was sterilized by autodaving at 121°C for 30 minutes. 
2.8:2 Fetal Calf Serum (PCS) 
Fetal calf serum was obtained from Gibco (U.S.A.) and was stored at -
20。C in 50-ml aliquot until use. Heat-inactived FCS (HIFCS) was prepared 
by incubating an aliquot of FCS at 56。C for 30 minutes. FCS was used as a 
supplement to R P M I medium for cell culture and the final concentration was 
usually 10% (v/v). 
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2.8.3 Mitogen 
Concanavalin A (Con A) was purchased from Sigma, and was prepared 
in PBS at a concentration of 1 mg/ml. The Con A solution was sterilized by 
filtering through MiUipore filter and kept at -20°C in 4 0 � 1 aUquots. 
2.8.4 Penicillin-Streptomycin-Fungizone Solution (PSF) 
Penicillin-streptomycin-fimgizone solution was purchased from Gibco 
(U.S.A.) and it contained 10,000 units/ml of penicillin G, 10,000 "g/ml of 
streptomycin sulphate and 300 ^g/ml of amphotericin B. This stock solution 
was stored at -20。C in 5-ml aliquots. Usually, all R P M I mediums were 
supplemented with 1% PSF. 
� 
2.8.5 RPMI-1640 Medium 
RPMI-1640 powder (supplemented with 25 moles of HEPES) was 
purchased from Sigma. The powder was dissolved in 1 litre of double-distilled 
water, and the solution was supplemented with 2 g of N a H C O j and adjusted 
to p H 7.2-7.4. Sterilization was done by filtering through MiUipore membrane. 
2.8.6 Scintillant 
Scintillant was prepared by dissolving dimethyl-1,4-bis (2-(5-phenyloxazol)) 
benzene (POPOP) (0.02%, w/v, final concentration), 2,5-diphenyloxazole (PPO) 
(0.4%, w/v) and Triton X-100 (33%, v/v) in toluene. The preparation was 
stirred overnight before use. 
2.8.7 Trypan Blue Solution 
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p i � 
‘ Trypan Blue (Sigma) was dissolved in PBS at a final concentration of 
f ，’0.1% (w/v), and the solution was used for assessing cell viability. 
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3,1 Extraction of biologically active fractions from swiftlet's nest 
The extraction of intact swiftlet's nest (SN) in distilled water obtained 
a water-soluble extract with a yield of 39%. Approximately 20% of this water-
soluble extract was retained by the Pellicon V T H K 100 membrane, forming the 
100 K-IN fraction of which approximately 90% could be precipitated by 50% 
acetone. 
The water-soluble extract of SN was found to have co-mitogenic activity, 
、 indicated by a concentration-dependent enhancement of Concanavalin A (Con 
A)-stimiilated lymphocyte, proliferation (see Fig. 1 and 2). Following the 
ultrafiltration, the co-mitogenic activity was retained in the 100 K-IN fraction. 
The acetone (50%) precipitate from the 100 K-IN fraction also showed co-
mitogenic activity. 
32 Effect of SN pretreatment on Con A-stimulated blastogenesis response 
in mouse splenocytes 
As shown in Fig. 3，splenocytes from SN-treated mice showed a greater 
degree of blastogenesis upon Con A stimulation, with the incorporation of ^ H-
thymidine significantly larger than those of control at concentrations of Con 
A up to 1.5 /ig/ml. 
3.3 Chemical and biochemical analysis of SN extracts 
3.3.1 Atomic absorption analysis of metal elements 
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Fig. 1 Fractionation Scheme of Swiftlet's Nest 
Intact Bird's Nest 
extracted with, distilled 
water at 60 "C for 2 hrs; 
stood ovemiglit at room temperature 
、 
Supernatant (A) debris 
ultrafiltration 
(Pellicon P T H K 100) ’ 
� 
100 K OUT (B) 100 K IN 
Acetone (50%) lyophilization 
( c ) 
Supernatant (E) Precipitate (D) 
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Fig. 2 Co-mitogenic activity of SN fractions. 
The co-mitogenic activity of SN fraction A, B, C, D, and E mentioned in Fig. 1 was 
measured in hPBL culture as described in Materials and Methods. Con A was added 
at a final concentration of 0.5 /xg/ml. Each point is the mean � S. D. from 
triplicated samples. 
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Fig. 3 Effect of SN pretreatment on the Con A-stimulated blastogenesis in mouse 
spl^nocytes. 
Mice werp treated with SN extract (SNp2C fraction), and the Con A-stimulated 
blastogenesis in splenocytes were measured as described in Materials and Methods. 
Values are means with n � 3 in each group. The vertical bar is the S. D. 
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The ash contents of original swiftlet's nest cup and its water extract 
(SNp2C, 100 K-IN fraction) were measured. As shown in Table I，the ash 
content of SN cup accounted for 4.31 (w/w) of the original material, whereas 
ash content of the SNp2C sample was undetectable. The content of Na and 
Ca in the acid-soluble fraction of SN cup was slightly higher than that in 
SNp2C, but the content of K was lower. Similar composition of the metals was 
found in the ash portion of SN cup. 
3.3.2 Element analysis 
As shown in Table 11, among the elements being analysed, carbon was 
found to be the most abundant (40.16%) element in SNp2C sample, whereas 
� 
sulphur was the least abundant (0.7%) one. The relative abundancy of the 
elements was in a descending order of C > N > H > Ca > S. 
3.3.3 Biochemical analysis 
Table EI summarizes the content of protein (measured by both Bradford 
and Lowry method),. hexose and sialic acid in various SN fractions. Protein 
was found to have the highest concentration by weight in all samples tested, 
even though results obtained from Bradford and Lowry assay differed greatly, 
with the latter consistently showing higher values. Whereas hexose and sialic 
acid were present at relatively lower concentrations, the hexose content was 
similar in various fractions derived from SN water-soluble extract except for the 
low molecular weight (< 100 K) counterpart, of which the hexose content was 
undetectable. Acetone powder prepared from the high molecular weight (> 
100 K) fraction had the highest concentration of sialic acid, whereas the low 
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Table I Ca, K, Na content of intact SN cup and SN extract. 
Sample.. Ash content Ca K Na 
(%, w/w) (%, w/w) (%, w/w) (%, w/w) 
SNp2C UD- 0.73 0.09 1.21 
SN 4.31 0.81 0.02 1.79 
SN A5h - 12.26 0.67 22.56 
"V 
* Undetectable 
Ash content was determined by the method described in Materials and 、 
Methods. The metal (Ca, K, Na) content of the acid soluble fraction of intact 
SN cup and its ash, and SN water-soluble extract was measured by atomic . 
• • . • � 
absorption as described in Materials and Methods. 
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Table II Element analysis of SN extract*. 




Nitrogen 9.39 … 
“ Sulphur 0.7 
Calcium 1.32 
• SNp2C fraction 
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• _ — 
� • fc.-
Table HE Protein, hexose, and sialic acid content in SN fractions. 
Fraction Protein Hexose Sialic acid 
Bradford/Lowry 
� 
A 13/31 3.5 0.17 
B 3.2/16 UD_ 0.05 
C 19/74 4 0.7 
D 15/55 3 3.4 
E 19/36 4 0.1 
* Value is expressed in % (w/w) 
•• Undetectable 
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molecular weight (< 100 K) fraction had the lowest concentration. 
Table lY shows the content of protein, uronic acid, sialic acid and 
hexosamine in various fractions eluted from different chromatographic columns. 
Fractions obtained from chromatography on a particular type of gel were coded 
with a number (1 or 2) according to their chromatographic behaviors. The number 
1 denoted the unretained (unadsorbed) fraction, whereas the number 2 denoted the 
retained (adsorbed) fraction. 
The unretained fractions from Octyl-Sepharose (OS), Limulus Polyphemus 
Agarose (LPA) and Heparin Gel (HG) column had protein concentrations similar 
to that of the unfractionated sample, SNp2C, whereas their retained counterparts 
contained undetectable amount of protein (Table IV). In contrast, the retained 
� 
fraction from DEAE-Sepharose (DS) column was found to have a protein 
concentration comparable to that of SNp2C, but the protein content of its unretained 
counterpart was undetectable (Table lY). Among the samples tested, the OS-1 
fraction possessed the highest protein content. 
The LPA-2 fraction had the highest concentration (16%, w/w) of sialic acid, 
while all other fractions contained less than 1% (Table IV). 
Approximately 5% of uronic acid was found in the SNp2C sample (Table 
IV). Contrasting to the observation in sialic acid, the LPA-2 fraction possessed 
only trace amount (0.3%) of uronic acid, whereas the LPA-1 fraction had the 
highest concentration (15%) of uronic acid in all samples tested (Table IV). While 
the DS-1 fraction contained about 1.5% of uronic acid, relatively high concentration 
(10%) of uronic acid was found in the DS-2 fraction. 
The SNp2C, LPA-1 and DS-2 fractions were found to have hexosamine at 










































































































































































































































































































the OS-2 fraction had the lowest concentration (3.5%) of hexosamine. Table V 
shows the sulphate content of SN fractions. Both the SNp2C and DS-2 fractions, 
as well as the sulphated GAG, heparin, were found to have significant amount of 
sulphate, with heparin having the highest concentration of 54% whereas the 
sulphate content of the non-sulphated hyaluronic acid was undetectable. 
3.4 Chromatographic characteristics of SN extracts 
3.4.1 Sephadex G-200 chromatography 
-V -
The elution profile of SN extract (100 K-IN fraction, SNp2C) was shown 
� 
in Fig. 4. Three peaks are resolved on the Sephadex G-200 column, and the first 
peak was void volume. Three fractions (SG-1, SG-2 and SG-3) were pooled. After 
dialysis and lyophilization, the co-mitogenic activity was tested. 
As shown in Fig. 5，the SG-1 fraction exhibited co-mitogenic activity in 
hPBL culture, whereas the SG-2 and SG-3 were devoid of co-mitogenic activity. 
3.4.2 DEAE-Sepharose chromatography 
Fig. 6 is the elution profile of SG-1 fraction on DEAE-Sepharose column 
eluted by a linear salt gradient of 0-1 M NaCl. Two retained peaks were resolved 
on the column, and the eluant was pooled into two fractions which consisted of 
DS-1 (fraction number 20 - 40) and DS-2 (fraction number 41 - 60). 
The co-mitogenic activity of DS-2 fraction in the Con A-stimulated hPBLs 
was found to be more potent than that of DS-1, with the latter being comparable 
to the potency of unfractionated SNp2C sample (Fig. 7). The co-mitogenic activity 
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I . 
Table V' Sulphate content of SN fractions. 
Sulphate content 
% (w/w) 
’ SNp2C 5 
DS-2 11 
H A U D * 
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Fig. 4 Chromatographic elution profile of SNp2C on Sephadex G-200 column. 
Sample (160 mg in 20 ml buffer) was applied on the Sephadex G-200 column (3.2 X 
28.5 cm) and eluted with 20 m M ammonium bicarbonate buffer. The column was 
run at a flow rate of 16 ml/hr. Fractions of 5 ml were collected. Fractions under 
the horizontal bars were pooled (SG-1, SG-2, SG-3). 
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Fig. 5 Co-mitogenic activity of Sephadex G-200 fractions, 
Co-mitogenic activity was measured in hPBL culture as described in Fig. 2. Each 
point is the mean 士 S. D. from triplicated samples. 
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Fig. 6 Chromatographic elution profile of SG-1 on DEAE-Sepharose Fast Flow 
column. 
Sample (40 mg. in 4 mi buffer), was applied on a DEAE-Sepharose column (1.2 X 
18.6 cm), and eluted with 20 m M Tris-HCl. The column* was run at a flow rate of 
1 ml/min and fractions of 3 ml were collected. Fractions under the horizontal, bar 
were pooled (DS-1, DS-2). 
indicated the gradient of sodium chloride 
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Fig. 7 Co-mitogenic activity of DEAE-Sepharose fractions. 
Co-mitogenic activity was measured in hPBL culture as described in Fig. 2. Each 
point is the mean � S. D. from triplicated samples. 
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of DS-2 fraction was also greater than that of the SG-1 fraction. 
When the biologically active DS-2 fraction was analyzed by Mono-Q FPLC, 
a broad peak in the elution profile was observed (see Fig. 8). 
When the DS-2 fraction was subjected to Superose-6 FPLC, two major 
peaks were resolved, of which one was eluted in the void volume and the other 
was eluted in approximately 1/3 of the bed volume (Fig. 9). 
3.4.3 Immobilized metal affinity chromatography (IMAC) 
The elution profile of SNp2C fraction on Ni-TED column was shown in 
Fig. 10. Majority of the protein content in the sample was unretained by NiTED 
、 gel and the retained fraction was eluted as a small peak. Both the unadsorbed and 
adsorbed fractions were subjected to co-mitogenic activity assay. The co-mitogenic 
activity was found to be associated with the unadsorbed fraction (Fig. 11). 
3.4.4 Wheat-germ lectin Sepharose chromatography 
The elution profile- of SNp2C fraction on wheat-germ lectin Sepharose 
column was shown in Fig. 12. Most of the protein content in the sample was 
unretained by the gel, and the adsorbed fraction had minimal absorption at 280 nm. 
The unadsorbed fraction (WG-1) showed equipotent co-mitogenic activity as the 
unfractionated SNp2C sample, whereas the adsorbed fraction (WG-2) had no 
detectable co-mitogenic activity (Fig. 13). 
3.4.5 Limuius Polyphemus Agarose (LPA) chromatography 
The elution profile of SNp2C fraction on LPA column was shown in Fig. 
14. Both the unadsorbed (LPA-1) and adsorbed (LPA-2) fractions were collected 
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Fig. 8 MonoQ FPLC of DS-2 fraction of SN. 
The DS-2 (at the concentration of 1 mg/ml in 20 m M Tris-HCl, pH 8), 100 was 
injected to Mono-Q H R 5/5 column (5 x 50 mm) and developed with linear salt 
gradient (0 - 1 M NaCl in the equilibrating buffer) at a flow rate of 1 ml/min. 
Detection was by A280 nm (0.1 A.U.F.S.). 
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Fig. 9 Superose 6 FPLC of DS-2 fraction of SN. 
The DS-2 (at the concentration of 1 mg/ml)，100 fil was applied to Superose 6 H R 
10/30 column (10 x 300 mm) and eluted with 20 m M ammonium bicarbonate buffer 
at a flow rate of 0.4 ml/min. Detection was done by A280 nm (0.1 A.U.F.S.). The 
arrow indicated the elution time of transferrin, 80 K. 
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Fig. 10 Chromatographic elution profile of SNp2C fraction on E M A G (Ni-
TED) colimm. 
Sample (50 mg in 2 ml 50 m M Tris-HCl, pH 7.4, 0.5 M potassium sulphate) was 
applied to a Ni-TED column (1 X 12.4 cm) which had been equilibrating with the 
same buffer and the column was run at a flow rate of 0.5 ml/min. After sample 
application, the column was washed with the same buffer (equilibrating buffer) until 
the A280 had dropped to baseline level. The eluant was changed to 0.1 M sodium 
acetate, 0.5 M potassium sulphate, pH 6.0 as indicated by the arrow. Fractions of 




... N i - T E D - 1 
i 35000 一 
a z 
^ / � 
^ _ 30000 - -
I SNp2C 
£ 25000 - • 丄 f -
o 2 0 0 0 0 - 丄 —— 
a 
g 15000 - . • � -
^ N i - T E D - 2 , - . 
p 10000 一 
5。〇〇# V 一 
Con A -
. ^ — ^ 
〇 1〇2 
Sample c o n c e n t r a t i o n ( / ^g /m l ) 
Fig. 11 Co-mitogenic activity of SN fractions from Ni-TED column. 
Co-mitogenic activity was measured in hPBL culture as described in Fig. 2. Each 
point is the mean 土 S. D. from triplicated samples. 
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Fig. 12 Chromatographic elution profile of SNp2C fraction on Wheat-germ lectin 
Sepharose chromatography. 
Sample (50 mg in 4 ml PBS) was applied to a Wheat-germ lectin Sepharose column (1 
X 3 cm) equilibrated with PBS and the column was run at a flow rate of 0.5 ml/min. 
After sample application, the column was washed with PBS until the A280 had dropped 
to baseline level. Then 0.1 M GluNAc (indicated by the arrow) was used to elute the 
adsorbed fractions. Fractions under the horizontal bar were pooled (WG-1, WG-2). 
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Fig. 13 Co-mitogenic activity of SN fractions from the Wheat-germ lectin 
Sepharose chromatography. 
Co-mitogenic activity was measured in hPBL culture as described in Fig. 2. Each 
point is the mean 土 S. D. from triplicated samples. 
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Fig. 14 Chromatographic elution profile of SNp2C fraction on LPA column. 
SNp2C fraction (50 mg in 10 ml equilibrating buffer, 50 m M Tris-HCl, 0.15 M NaCl 
and 10 m M CaCl�，pH 8.0) was applied to a LPA column ( 1 X 2 cm), and the 
column was run at a flow rate of 0.1 ml/min. The column was eluted as described 
in Materials and Methods— after sample application, the column was washed with the 
equilibrating buffer until the A280 had dropped to baseline level. The eluant was 
changed to 0.1% EDTA, together with 50 m M Tris-Cl and 0.15 M NaCl, pH 8.0. 
Fractions of 1 ml were collected and those fractions under the horizontal bar was 
pooled. 
80 
and subjected to co-mitogenic activity assay. LPA-1 fraction was found to be as 
potent as SNp2C fraction in term of co-mitogenic activity, while the LPA-2 fraction 
produced no co-mitogenic effect on the hPBL culture (Fig. 15). 
A parallel study using bovine mucin was performed. Bovine mucin was 
found to adsorb on the LPA gel and could be eluted by the same conditions 
employed in the SN study (data not shown). When the mucin fraction was tested 
in hPBL culture, no detectable co-mitogenic activity was observed (Fig. 16). 
3.4.6 Octyl-Sepharose chromatography 
The elution profile of DS-2 fraction on Octyl-Sepharose (OS) column was 
、 shown in Fig. 17. Apparently, a large portion of the protein content in the sample 
was retained by the column, which could be eluted by applying a descending and 
linear salt gradient. Both the unadsorbed (OS-1) and adsorbed (OS-2) fractions 
were subjected to mitogenic activity assay. 
As shown in Figure 18, both OS-1 and OS-2 fractions were found to have 
co-mitogenic activity with similar potency, but the stimulating activity was much 
less potent than that of the SNp2C sample. 
3.4.7 Heparin gel affinity chromatography 
The elution profile of SNp2C fraction on heparin gel column was shown in 
Fig. 19. Only a small portion of the protein in the sample was retained by the 
column. The unadsorbed (HG-1) and adsorbed (HG-2) fractions were subjected 
to co-mitogenic activity assay. 
As shown in Fig. 20, the HG-2 fraction was found to have co-mitogenic 
activity，with a potency comparable to that of the SNp2C fraction. The HG-1 
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Fig. 15 Co-mitogenic effect of SN fraction from LPA column. 
Co-mitogenic activity was measured in hPBL culture as described in Fig. 2. Each 
point is the mean 士 S. D. from triplicated samples. 
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Fig. 16 Co-mitogenic activity of bovine submaxillary mucin. 
LPA-gel adsorbed fractions from bovine mucin was used for the assays. Co-
mitogenic activity was measured in hPBL culture as described in Fig. 2. Each point 
is the mean ± S. D. from triplicated samples. 
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Fig. 17 Chromatographic elution profile of SN fraction (DS-2) on Octyl-
Sepharose colimm. 
Sample (20 mg in 1 ml equilibrating buffer, 0.1 M sodium acetate, 2 M ammonium 
sulphate, pH 6.0) was applied to Octyl-Sepharose column (1.2 X 12.4 cm), and the 
column was run at a flow rate of 1 ml/min. Fractions of 1.5 ml were collected. 
After sample application, the column was washed with the equilibrating buffer until 
the A280 had dropped to baseline level (〜3 bed volumn). The adsorbed fraction 
was then eluted with 0,1 M sodium acetate, pH 6.0. Fractions under the horizontal 
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Fig. 18 Co-mitogenic activity of SN fraction from Octyl-Sepharose 
chromatography. 
Co-mitogenic activity was measured in hPBL culture as described in Fig. 2. Each 
point is the mean 土 S. D. from triplicated samples. 
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Fig. 19 Chromatographic elution profile of SN fraction on Heparin Gel 
column. 
Sample (10 mg in 0.5 ml equilibrating buffer, 20 m M Tris-HCl, pH 7.5) was applied 
to the column, and the column was run at a flow rate of 0.5 ml/min. Fractions of 
1.5 ml were collected. After sample application, the column was washed with about 
3 bed volumn of equilibrating buffer and the A280 dropped to baseline level. The 
adsorbed fractions were eluted by applying a linear gradient of NaCl (0 - 1 M). 
indicated the gradient profile 
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Fig. 20 Co-mitogenic activity of SN fractions from Heparin affinity 
chromatography. 
Co-mitogenic activity was measured in hPBL culture as described in Fig.2. Each 
point is the mean ± S. D. from triplicated samples. 
87 
fraction also exhibited co-mitogenic activity, but the potency was much less than 
that of the HG-2. 
3.5 Ekctrophoretic analysis 
3.5.1 SDS/PAGE analysis 
The electrophoretic pattern obtained from SDS/PAGE analysis of SN 
fractions was shown in Fig. 21. Three prominent bands located around the 400 
K - 500 K region could be observed in the SNp2C (lane 8)，NiTED-1 (lane 7) and 
DS-1 (lane 4) samples. In contrast, these bands became blurred or even 
undetectable in the DS-2 fraction (lane 5，6). Instead, at the top of the separating 
gel, a diffused band (or smear-like pattern) that was barely detectable in the SNp2C 
� 
or NiTED-1 fraction was seen in the DS-2 fraction. 
3.5.2 lEF analysis 
The electrophoretic pattern obtained from EEF analysis of SN fractions was 
shown in Fig. 22. The SNp2C fraction contained multiple bands spreading from 
pi value of 4.6 to 8.0，whereas the DS-2 fraction had a few bands confined in the 
region corresponding to pi values in the range of 4.6 to 5.1. 
3.5.3 Gradient gel analysis 
The electrophoretic pattern obtained form gradient gel electrophoresis of 
SNp2C fraction and two glycosaminoglycans was showed in Fig. 23. After 
staining the developed gel with both Coomassie blue and Alcian Blue dye, the 
heparin (lane 1) and hyaluronic acid (lane 8) showed a smear-like pattern. In 
hyaluronic acid, some ladder-like，fine and sharp bands at the tail of the smear 
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Sample (50 ^ g/10 1^) loaded and electrophoresis was performed as described in 
Materials and Methods. 
1: DS-1 
2: -
3: molecular weight marker 
4: DS-1 
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Fig«22 IEF analysis of SN fractions. 
Sample (15/xl) at a concentration of 5 mg/ml was loaded. IEF was developed as 
described in Materials and Methods. 
Sample 
1 : SNp2C 
2 :— 
3 : DS-2 
4 : pi marker 
5 :— 
6 I — 
7 : Ni-TED-1 
8 I — 
90 
‘i J- ‘ 3 十 ：厂 t 7 ^ . 
！；' , . ；? ‘. -
. I . . • • • 
) • ‘ 
‘ ；, •. • 
i.  . • . 
I -！ • .. 
'i . • -
• ！ , 1 . 
： ,. t ：： I .1 
1 1 i 4 
r I ‘ g 
I 1 
Fig. 23 Gradient gel electrophoresis of SN fraction and glycosaminoglycans. 
Sample (100 ^ g/10 /xl) which had been incubated with respective enzymes or buffer 
only was loaded and electrophoresis was developed as described in Materials and 
Methods. 
1: Heparin 
2: SNp2C + Chondroitinase ABC 
3: SNp2C + Chondroitinase A B C 
4： SNp2C incubated in buffer for chondroitinase A B C only 
5: SNp2C + Hyaluronidase 
6: SNp2C incubated in buffer for hyaluronidase only 
7: SNp2C incubated in buffer for hyaluronidase only 
8: Hyaluronic acid 
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were observed. The SNp2C (sham-treated) sample (lane 4,6 & 7) displayed ladder-
like pattern similar to that of hyaluronic acid, with the spacing between the bands 
being larger in the former. In the chondroitinase ABC- or hyaluronidase-treated 
SNp2C samples (lane 2,3 & 5), the ladder-like pattern could not be found. 
3.6 Enzymatic Modification of SN fraction (SNp2C) 
3.6.1 jS-glucuronidase treatment 
3.6.1.1 Alteration in co-mitogenic activity 
As shown in Fig. 24, the co-mitogenic activity of SNp2C sample was 
significantly reduced by /^ -glucuronidase pretreatment, indicated by a drastic 
、 decrease in potency. /3-glucuronidsase per se did not produce any effect on the 
stimulatory action of Con A in PBLs under the assay conditions. 
3.6.1.2 Alteration in uronic acid content 
After treating the SNp2C sample with /^ -glucuronidase for 2 days, uronic 
acid content of the sample was significantly reduced (5% to <1%) (Table VI). 
3.7 Co-mitogenic activity of glycosaminoglycans 
As shown in Fig. 25, both heparin and hyaluronic acid produced a co-
mitogenic effect on Con A-stimulated hPBL culture, but the respective potency was 
much lower than that of the SNp2C sample. Among the two glycosaminoglycans 
tested, hyaluronic acid appeared to be more potent, and heparin was only 
minimally active at high concentrations. 
Similarly, both chondroitin sulphate B and C exhibited co-mitogenic activity, 
with chondroitin sulphate C being less potent and minimally active at high 
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Fig. 24 Effect of jS-glucuronidase pretreatment on the co-mitogenicity of 
SNp2C fraction. 
Sample was treated with jS-glucuronidase as described in Materials and Methods. 
Co-mitogenic activity was measured in hPBL culture as described in Fig.2 Each 
point is the mean 士 S. D. from triplicated samples. 
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Table VI Alteration in Uronic acid content of SNp2C fraction following p-
glucuronidase treatment. 




/S-gluoironidase treated < 1 
SNp2C fraction was incubated with buffer (control) or /^ -glucuronidase for 
2 days. Uronic acid content was determined as described in Materials and 
Methods. 
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Fig. 25 Co-mitogenic activity of hyaluronic acid and heparin. 
Co-mitogenic activity was measured in hPBL culture as described in Fig. 2. Each 
point is the mean 士 S. D. from triplicated samples. 
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concentrations (Fig. 26). 
3.8 Effect of heparin on the co-mitogenic activity of SNp2C fraction 
As shown in Fig. 27, the SNp2C fraction, at a final concentration of 250 
^g/ml, produced strong co-mitogenic effect on Con A-stimulated hPBL culture, 
with 5-fold increase in ^H-thymidine incorporation. Whereas heparin, when added 
at a final concentration of 125 /xg/ml, was only minimally active. When the 
SNp2C sample was added, in the presence of heparin at the respective 
concentrations, the co-mitogenic activity was significantly decreased by 20%, when 
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Fig. 26 Co-mitogenic activity of chondroitin sulphate B and C. 
Co-mitogenic activity was measured in hPBL culture as described in Fig. 2. Each 
point is the mean ± S. D. from triplicated samples. 
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Fig. 27 Effect of heparin on the co-mitogenicity of SNp2C fraction. 
Co-lmitogenic activity was measured in hPBL culture as described in Fig. 2. 
Values are means of triplicated samples. The vertical bar is the S. D. "P < 
0.05 when compared with sample without heparin (HE). 
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4.1 Extraction of biologically active fraction from edible bird's nest 
Aqueous extracts obtained from 5 to 6 batches of edible bird's nest (SN) 
were pooled and then concentrated by ultrafiltration. This was aimed at 
minimizing the inter-batch variation in biological activity, especially when the 
yield of' the active fraction was low. The water-soluble extracts of SN were 
found to have co-mitogerdc activity in Concanavalin A (Con A)-stimulated 
human peripheral blood lymphocytes (hPBLs), and the co-mitogenic factor(s) 
appeared to reside in a population of molecules with molecular size larger than 
、 100 K, which could, at least partially, be precipitated from aqueous solution by 
50% acetone. The retained fraction (SNp2C) obtained from ultrafiltration of 
SN water extract through Pellicon P T H K lOOK membrane, instead of its 
acetone precipitate, was used for subsequent studies, in order to avoid any 
possible protein denaturation induced by acetone, which might lead to the loss 
of biologically active substance (s). 
Previous studies from our laboratory have demonstrated the potentiation 
effect of SN water-soluble extract on lymphocyte blastogenesis in vitro (Ng et. 
al., 1986). In addition to this in vitro assessment of co-mitogenic activity, the 
present studies examined the effect of pretreating mice with SN extract given 
orally on the proliferation capability of splenocytes upon Con A stimulation. 
Results indicated that the extent of splenocyte proliferation induced by Con A 
was significantly enhanced in the SN-treated mice (Fig. 3). This suggests that 
oral consumption of SN extract will allow its active mgredient(s) to get through 
the gut barrier and thus produce the co-mitogenic effect. More important, the 
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effectiveness of orally administered SN extract in promoting the immune 
response supports the traditional use of edible bird's nest as a food tonic. 
42 Chemical and biochemical characterization of active component(s) in SN 
extract 
The undetectable ash content in the SN fraction is consistent with the 
fact that this SN sample is the high molecular weight fraction obtained from 
water soluble extract of SN. Element analysis of the SN fraction has revealed 
the presence of sulphur in significant amount (Table 11). The sulphur content 
could be contributed by the sulphur-containing amino acids present in proteins, 
� 
or other sulphated biomolecules, but defLoitely not the inorganic salts. The 
presence of measurable amount of sulphate in the SN fraction suggests that a 
significant portion. of the sulphur content may be derived from sulphated 
biomolecules. One possible candidate of these sulphated biomolecules is the 
proteoglycan. 
The presence of significant amount of sialic acid in the biologically active 
SN fraction suggests that some high molecular weight (>100K) sialoproteins 
may be the active principle(s). This was corroborated with the observation that 
the active component(s) in the SN extract could be eluted in the void volume 
of Sephadex G-200 or Superose 6 coluiim, of which the exclusion limit is larger 
than 200 K (Fig. 5 and 9). 
As to whether sialoprotein is responsible for the co-mitogenic activity of 
SN extracts, results obtained from measurements of sialic acid content in the 
biologically active fractions eluted from Sephadex G-200 and DEAE-Sepharose 
100 
column indicated that the stronger co-mitogenic activity did not seem to be 
associated with higher sialic acid content (Table IV). 
It is noteworthy to mention the difference between the Bradford and 
Lowry method of protein determination in that the Bradford test consistently 
gave a lower value of protein content in the SN samples. With regard to this, 
it has been reported that heparin and some other related compounds could 
interfere with the Coomassie blue binding protein assay; the decrease in 
absorbance could be accounted for by estimating the content of heparin or its 
related compounds (Khan et. al., 1990). Therefore, the underestimation of the 
Bradford assay may be due to the presence of heparin or other 
glycosaminoglycans (GAGs) in the SN samples. This also provides evidence for 
� 
the presence of G A G in the SN fractions. 
All biological processes depend on specific interactions between 
molecules. These interactions may occur between low-molecular weight 
substances and a protein molecule, e.g., between substrates or regulatory 
biomolecules and enzymes; between bioinformative molecules such as hormones 
and neurotransmitters and their receptors. Siirdlarly, biospecific interactions can 
occur between two or several biopolymers, A wide variety of chromatographic 
media which employ different adsorption mechanisms can be used in the 
purification and characterization of biomolecules of interest. 
The chromatographic behavior of biologically active SN extract on 
DEAE-Sepharose column (Fig. 6 and 7) showed that most of the active 
components were tightly bound the anion-exchangers, hence suggesting a 
polyanionic charge property. This was further confirmed by Mono-Q FPLC 
analysis of the semi-purified SN (DS-2) sample, which suggested the 
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polydispersity of negative charge in the active components (Fig.8). 
Since epidermal growth factor (EGF)-like substance has been isolated 
from Collocalia nest (Kong et. al., 1987)，it is necessary to find out whether the 
co-mitogenic factor(s) isolated in the present study is EGF-like substance or 
not. E G F or EGF-like substance from a variety of sources has been shown to 
be retained by immobilized metal affinity gel like NiTED (Yip et. al., 1985; Ko 
et. al., 1986). In the present study, the active SN fraction was chromatographed 
on NiTED column under the same conditions that E G F or EGF-like substance 
was purified. It was found that the adsorbed fraction of SN extract on NiTED 
coiumrL did not produce any co-mitogenic effect on Con A-stimulated 
lymphocytes (Fig. 10 and 11). This and the observations that EGF-like activity 
� 
was undetectable in both radioreceptor assay and mitogenic assay using 
quiescent 3T3 fibroblast culture (data not shown) strongly suggests that EGF-
like substance is unlikely to be the active component in the present SN 
preparation which exhibits strong co-mitogenic activity . 
The polydispersity in both size and charge of the semi-purified SN 
fraction may imply the presence of macromolecular aggregates in the active 
principle(s). As an approach to investigating this possibility, the SN fraction 
was analyzed by hydrophobic interaction chromatography using Octyl-Sepharose 
as adsorbent. The observation that co-mitogenic activity in both unadsorbed 
and adsorbed fractions were much less potent than that of the unfractionated 
sample (Fig. 17 and 18) seems to be consistent with the postulation. Under the 
chromatographic conditions, macromolecular complex might dissociate into 
segregated components which are no longer as potent as the intact complex in 
producing co-mitogenic effect. Polyclonal IgG isolated from antisenim against 
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the active SN fraction (DS-2) did not cross-react with both unretained and 
retained fractions from hydrophobic gel (data not shown). Since the antigenic 
determinant of macromolecular complex often lies in the protein moiety, 
dissociation of the macromolecular complex may lead to conformational changes 
in the core protein, which in turn may alter its antigenicity. 
Since biochemical analysis has revealed the presence of significant 
amount of hexose in the active SN fractions, it is logical to use lectin-affinity 
chromatography to characterize their carbohydrate constituents. The failure of 
wheat-germ lectin Sepharose column to retain the co-mitogenic activity of the 
SN fraction (Fig. 12 and 13) indicates the absence of terminal carbohydrate 
residues, such as a-D-glucopyranosyl, a-D-maimopyranosyl, N-acetyl-D-
> 
glucosamine or other sterically similar residues, in the active glycoconjugate. 
As mentioned in the foregoing section, there was no apparent positive 
correlation between the sialic acid content and the co-mitogenic activity of SN 
fractions. This is consistent with the observation that the Limulus Polyphemus 
Agarose (LPA) gel-bound fraction of active SN sample did not possess any co- 、 
mitogenic activity (Fig. 15). Since LPA gel has strong affinity towards mucin-
type sialoproteins, it is fair to say that the co-mitogenic active principle in the 
SN fraction is unlikely to be mucin-type sialoprotein. Moreover, bovine mucin, 
which showed strong affinity towards LPA gel, did not produce any co-mitogenic 
effect on hPBLs (Fig. 16). These are also consistent with the findings that the 
LPA-bound fraction had relatively high concentration of sialic acid but 
undetectable amount of uronic acid, given uronic acid is not present in the 
mucin-type glycoprotein (Sharon, 1975; Carney, 1986; Biochemica Information, 
Boehringer Mannheim). On the contrary, relatively high (15%) concentration 
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of uronic acid is present in the LPA-unbound fraction. Taken together with the 
observation that hexosamine and uronic acid existed in the active SN fraction 
in a ratio close to 1:1 (similar to that in GAG), all these suggest the 
involvement of G A G in the co-mitogenic action of SN extract. 
In order to explore possible chromatographic method to characterize or 
purify the active SN extract, heparin agarose gel chromatography, which has 
been widely used for the purification of peptide growth factors, was employed. 
The observation that co-mitogenic activity of the SN fraction was mainly 
contained in the heparin gel-bound fraction (Fig. 19 and 20) suggests that 
heparin gel cinomatography may be a useful method for preparing co-mitogen-
riched or even highly purified biologically active fraction from SN extract. 
� 
While the adsorption mechanism of the active component in SN extract is still 
unclear, it is plausible that the active component may be made of a core-
protein which contains EGF-like or heparin binding growth factor (HBGF) class 
1-like domain that can bind with heparin. This type of protein domain has 
been demonstrated in extracellular matrix protein which can exert localized 
actions for growth and differentiation (Engel, 1989). Being a secretory product 
from the salivary gland, it is possible that SN extract also contains protein 
endowed with this type of heparin binding domain. 
SDS/PAGE analysis of active SN fraction revealed a smear-like pattern 
at the top of the separating gel (Fig. 21)，which is characteristical feature of 
glycoprotein with high content of carbohydrate residues, hence high and 
polydispersed molecular size. This concurs with the foregoing observation which 
indicated the presence of macromolecular complexes in the active SN fraction. 
In addition, lEF analysis of active SN fraction showed multiple bands stretching 
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from pi 4.6 to 5.1 (Fig. 22), indicating the polyanionic charge property. This 
is consistent with the observation from Mono-Q FPLC analysis of active SN 
fraction which showed the polydispersity in charge. In this regard, the negative 
charge may be mainly conferred by uronic acid which is present at significant 
concentration in the active SN fraction. 
Evidence gathered so far gives unequivocal support to the working 
hypothesis that the co-mitogenic factor(s) present in the SN extract is a 
polyanionic macromolecular glycoconjugate. In addition, biochemical and 
chemical analyses have unearthed the presence of uronic acid, hexosamine as 
well as sulphate in the. active SN preparations. When taken together, all these 
、 suggest the molecular identity of the active component in SN extract as 
proteoglycan (Sharon, 1975; Carney, 1986; Biochemica Information, Boehringer 
Mannheim). One rational approach to testing this possibility is to examine the 
effects of specific G A G degradative enzymes such as chondroitinase ABC, 
hyaluromdase and /^ -glucuronidase on the electrophoretic characterisitics as well 
as the co-mitogenic activity of SN fraction. 
Having noted that the SN fraction could not be fractionated by 
SDS/PAGE, gradient gel PAGE, a standard method for electrophoretic analysis 
of G A G , was employed to analyze the control and enzyme-treated SN fraction. 
Aldan Blue, a polycationic dye which is specific for GAG, was used for 
staining. Results obtained from this study indicate the presence of 
oligosaccharides (e.g. G A G ) of varied chain length in the SN fraction (Fig. 23). 
Since the SN fraction had not been pretreated with glycosidic enzymes, the 
ladder-like electrophoretic pattern, as revealed by Aldan Blue staining, likely 
resulted from the GAG-like oligosaccharides that are non-covalently attached 
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to the core protein. O n the contrary, neither the chondroitinase ABC-treated 
nor the hyaluronidase-treated SN fraction showed ladder-like electrophoretic 
pattern as in the untreated sample. This finding seems to be inconsistent with 
the general belief that the treatment with glycosidic enzymes should be able to 
release G A G fragments from the core protein, which in turn should be 
detectable by gradient gel P A G E followed by Aldan Blue staining. One 
possible explanation is that the GAG-like oligosaccharides were digested into 
small saccharide units that could not be resolved and thus detected by the 
present experimental settings. In addition, the loss of GAG-like 
oligosaccharides from the reaction mixture, possibly mediated by protein 
precipitation occurring during or after the enzymatic cleavage of some protein-
•V 
linked GAG, could render them undetectable by Aldan Blue staining because 
of the low concentration. In fact, trace amount of G A G could only be detected 
by autoradiography (Rice, 1987). 
As far as the biological activity was concerned, pretreatment of active SN 
fraction with hyaluronidase resulted in the loss of co-mitogenic activity (data not 
shown), whereas the chondroitinase A B C pretreatment did not alter the co-
mitogenic activity (data not shown). While the molecular mechanism involved 
in the differential action of these glycosidic enzymes remains to be defined, it 
is highly conceivable that the co-mitogenic action of SN fraction may, at least 
in part, be caused by GAG-like substance, which may or may not be linked to 
the core protein. This is further strengthened by the observation that 
glucuronidase pretreatment of active SN fraction resulted in the drastic decrease 
in co-mitogenic activity (Fig. 24) and uronic acid content (Table V). Since 
glucuronidase can specifically split the linkage between uronic acid and 
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hexosamine present in the G A G molecule, it seems clear that GAG-like 
substance, instead of mucin or other sialoprotein, is responsible for the co-
mitogenic activity of SN fraction. With regard to this, it has been shown that 
some G A G s and proteoglycans were mitogens for T- and/or B-lymphocytes 
；-V. 
(Levitt, 1986; Goodacre et. al., 1990). However, it is still uncertain about 
whether the mitogenic activity is due to the adsorbed cytokines on the 
proteoglycan molecules. When some G A G s such as heparin, hyaluronic acid 
and chondroitin sulphate were examined for the co-mitogenic activity in our 
system, it was found that their co-mitogenic actions were of much lower potency 
than that of the SN fraction (Fig. 25 and 26). This seems to suggest that 
, .v -
proteoglycans (GAGs attached to the core protein) present in the SN fraction, 
� 
instead of G A G s alone, are more important in eliciting the co-mitogenic action. 
Since the co-mitogenic activity of SN fraction could be reduced by heparin (Fig. 
27)，it is possible that both the co-mitogen(s) in the SN fraction (proteoglycan) 
and heparin (GAG) exert their co-mitogenic action through the same cellular 
pathway. 
4.3 Some mechanistic considerations 
A growing body of evidence has now acaimulated which shows that the 
regulation of cellular activities is dependent on multiple events involving 
soluble-phase factors such as cytokines (Balkwill, 1989; Rosengurt, 1983) and/or 
solid-phase factors such as extracellular matrix (ECM) components (Hay, 1981; 
Bissel, 1987). Cytokines are soluble factors with a wide variety of overlapping 
regulatory functions on cells (Balkwill, 1989)，and the response of cell to a 
given cytokine is dependent on the local concentration of the cytokine, the cell 
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type, and other cell regulators, to which the cell is concomitantly exposed. The 
finding that interferon could bind to the basement complex (Hugues, 1991) 
suggests a possible role of the E C M components in storing cytokines and in 
modulating the cellular response to such factors. Preliminary studies in our 
laboratory indicated that the co-mitogenic activities of SN fraction and 
exogenous IL-2 in hPBL culture were not additive (data not shown). This 
seems to suggest that the co-mitogenic action of SN fraction may be mediated 
by cellular events relating to IL-2. Preliminary studies examining the effect of 
SN fraction on IL-2 production showed that in the presence of SN fraction, IL-2 
production in Con A-stimulated PBLs was significantly increased (5-fold) (data 
not shown). However, the SN fraction did not produce any effect on IL-2 
� 
production when added in the absence of Con A (data not shown). This 
enhancement of IL-2 production by SN fraction may be attributable to its co-
mitogenic action in hPBLs, 
Recently, there has been a great deal of interest in defining the 
* 
molecular mechanisms by which the E C M components and, in particular, G A G s 
regulate cell growth and differentiation. It has shown that G A G s could 
increase the cytoplasmic abundance of its own ruRNA (Spray, 1987). This 
suggests that G A G s could either enhance gene transcription or decrease the 
degradation of m R N A , In addition, the finding that G A G molecules could be 
detected in the nucleus suggests the possible involvement of G A G s in the 
cellular regulatory processes, possibly through their interaction with transcription 
factors (Jackson, 1991). While the mechanisms for the regulation of G A G s 
transport to the nucleus and subsequent changes that alter gene expression and 
cell growth remain speculative, Ischiara et. al. (1987) proposed a model for the 
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metabolism of heparin sulphate proteoglycan (HSPG) and its transport to the 
nucleus. According to this model, H S P G is anchored in the plasma membrane 
via a fatty acyi chain of covalently linked phosphoinositol. The HSPG is 
removed from, the inside cell membrane by the action of a specific 
phospholipase C. As a result, the H S P G is internalized, the G A G moieties are 
degraded, and the released HS is delivered to the nucleus. 
One approach to investigating the molecular mechanism for the co-
mitogenic action of SN fraction is to examine its effect on the calcium signalling 
process, especially the calcium influx which is prerequisite for the lectin-induced 
lymphocyte activation (Gelfand et al., 1987). Fluorescent probes such as Indo-1 
and Fura-2 can be used to measure the change of intracellular calcium 
� 
concentration. Preliminary studies indicated that the SN fraction did not seem 
to have any effect on intracellular calcmm level either in the presence or 
absence of Con A stimulation (data not shown). This suggests that the action 
of SN fraction may not be related to the events involving the calcium signalling 
process. 
It has been shown that lymphocytes remain highly susceptible to 
inhibition by G S H depletion 48 hours after 
lectin stimulation (Hamilos et. al” 1991). Since the 48 hour period of time is 
long enough for the induction of early activation events such as IL-2 production 
and IL-2 receptor expression occurring during the G。to Gj transition, the 
inhibition of lymphocyte proliferation under G S H depleted conditions may 
involve relatively late events, i.e. between G ^ --> Gjb transition. Results 
obtained from the pilot studies showed that the Con A-stimulated blastogenesis 
in G S H depleted lymphocytes could be partly restored by the SN fraction (data 
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not shown). In addition to the possible involvement in the early activation 
events, the action of SN fraction may also occur in the late event. 
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Summary and Conclusion 
(1) Aqueous extract of SN was found to enhance the blastogenesis of Con A-
stimulated human peripheral blood lymphocytes in a concentration-dependent 
manner, and the co-mitogenic factor(s) appeared to reside in a population of 
molecules with molcular size larger than 100 kDa. 
(2) The proliferative capability of mouse splenocytes upon Con A stimulation was 
enhanced by pretreating mice with active SN fraction given orally at a daily 
dose of lOOmg/kg for 7 days. 
(3) Elemental analysis revealed the presence of significant amount of sulphur in 
the active SN fraction, which was at least partly derived from the sulphate 
groups of sulphated-macromolecules present in the SN fraction. 
» � 
(4) Biochemical analysis of the active SN,. fraction revealed the presence of 
glycosaminoglycan (GAG) building blocks such as uronic acid and 
hexosamine. 
(5) Sialic acid was present in the active SN fraction, but the extent of co-
mitogenic action did not positively correlate with the concentration of sialic 
acid. 
Ill 
(6) The large discrepancy between the Bradford and Lowry method of protein 
assay indicated the presence of GAGs in the active SN fraction. 
(7) The gel filtration and anion-exchange chromatograms of active SN fraction 
indicated the polydispersity in both size and charge of the active 
component(s) present in SN extract. 
(8) The immobilized metal affinity chromatogram of active SN fraction 
indicated that the active component(s) was unlikely to be EGF-like 
substance. 
(9) Hydrophobic interaction chromatography of the active SN fraction 
suggested that the SN co-mitogen may be a macromolecular aggregate. 
(10) Lectin affinity chromatrography of the active SN fraction indicated that the co-
mitogen(s) was unlikely to be mucin-type glycoproteins. 
(11) The failure of wheat-germ lectin gel to retain the active component(s) of SN 
fraction indicated the absence of terminal N-acetylglycosamine, a-D-
glycopyranosyl or a-D-mannopyranosyl group in the carbohyrate moiety of 
the co-mitogen molecule. 
(12) The ability of heparin affinity gel to adsorb the active SN fraction indicated 
that the active component(s) may contain heparin binding growth factor-like 
substances, or proteins with domain(s) which could bind with heparin. 
112 
(13) SDS/PAGE analysis of active SN fraction indicated the presence of 
glycoprotein in the active component(s). 
(14) Gradient gel electrophoresis of active SN fraction followed by Aldan blue 
staining revealed the presence of GAG. 
(15) B-glucuronidase and hyaluronidase pretreatment resulted in the partial or 
complete suppression of co-mitogenic activity of SN fraction, indicating that 
G A G may be an important determinant in the co-mitogenicity of SN. 
(16) GAGs，such as hyaluronic acid, heparin and chondroitin sulphate B, could 
produce co-mitogenic effect on hPBLs，but their potency were much lower 
than that of SN. 
(17) The ensemble of results therefore suggests the proteoglycan/GAG identity of 
the co-initogen(s) present in SN extract. 
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